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ABSTRACT 
 
The use of microwave ovens to dry soil samples to conduct soil moisture tests offers 
the potential for the results to be available in under one hour compared to 
approximately 24 hours required to obtain the same results using the standard oven 
method that is the standard method used in industry.  
This research project aimed to identify the correlations between the two methods for 
a specific range of materials and identify possible limitations for the use of the 
microwave method. Research was done at the beginning of the project to assess the 
past and current use of microwaves for moisture content determination and also to 
develop a methodology that will give an adequate comparison between the methods. 
It was also important to identify an appropriate test method that would give result in 
accurate results and ensure that all relevant standards were complied with.        
The range of materials tested includes fine-grained silty soil, Bentonite, Kaolinite, 
Illlite and Peat moss (organic material).  
The study involved testing 277 samples using both the microwave drying method and 
the standard oven method. Through this 554 moisture content results were obtained 
allowing an accurate comparison to be made between the two methods. 
The results were very close in the 192 samples containing fine-grained silty soil, 
Bentonite, Kaolinite and Illite up to a moisture content of 30%. This included the 
materials alone as well as all ratios of fine-grained silty soil and clay mixes with all 
three types of clay. The difference between the methods was less than 1.5% in over 
98% of these samples with over 90% of the samples having a difference of less than 
1%.   
The study did find that the method was not suitable for use with Bentonite at moisture 
contents above 110% or with soil containing more that 10% organic material (peat 
moss). All other materials tested showed a good correlation throughout the moisture 
contents tested through to the liquid limit of the materials and are suitable for use with 
the microwave drying method.  
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CHAPTER 1 
INTRODUCTION 
 
 
1.1   Outline of the study   
 
The overall aim of this project is to compare the difference between moisture content 
results obtained from using a standard moisture oven and a microwave oven for the 
purpose of assessing the accuracy of the results obtained as well as difference of time 
taken to achieve a result. As the standard oven drying method is the accepted method 
used by industry that has a tried and proven history, the results obtained from the 
standard oven will be accepted as the true results for all samples.  
 
1.2   Introduction  
 
Drying samples to test for moisture content is a necessary and important part of several 
test methods. These include density tests, California Bearing Ratio (CBR) tests and 
quality tests such as Plasticity Index (PI) and grading. Another example of where 
moisture content testing is very important is the testing of aggregates and sand to be 
used in concrete batching. The moisture content of the materials needs to be tested 
prior to batching to enable the amount of water that is required to be added to the mix 
can be calculated accurately.  
Traditionally in the materials testing industry the standard oven drying method is the 
most commonly used method. Other methods that are considered for use in the 
industry are the microwave oven drying method and the hot plate method. There are 
still a number of questions over the accuracy and suitability of the last two methods 
for use in moisture content testing. From previous studies the hot plate method appears 
to be relatively inaccurate when compared to the standard oven test method and as 
such is not being considered in this project. Several studies over many years have 
shown that there is a lot of potential for using the microwave oven drying method to 
produce rapid and relatively accurate results and a number organisations have 
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developed test methods for using microwave oven drying. However questions still 
remain about specific issues regarding the use of the microwave oven methods and 
this project will attempt to add to the testing data already compiled to assist in making 
the applicability of this method clearer to testing operators and the industry.  
 
1.3   The Problem 
 
One of the main issues involved when drying samples using a standard drying oven is 
that the time required for the drying of the material to a constant mass is approximately 
24 hours. This can vary with sample types and sizes however 24 hours is readily 
accepted as a standard drying time. In many applications waiting 24 hours for the 
results of moisture tests can cause some issues. This is particularly the case when 
obtaining results of compaction (density) tests. The problem that can occur is that if 
construction needs to proceed, further compacted layers may be added over the layers 
being tested within in the 24 hour period whilst waiting for the samples to dry. If the 
layer is then found to have failed to reach the specified level of compaction the 
additional layers that have since been added will need to be removed in order to allow 
rework the failed layer. If results were available in a shorter timeframe by using an 
alternative method such as the microwave drying method any compaction / moisture 
issue would be able to be identified in a significantly shorter time frame thereby 
reducing the financial risk to the construction team. The time taken for the samples to 
dry using the microwave method will vary depending on sample type and size however 
the vast majority of tests should be able to be completed within approximately 20-40 
minutes given the results of past studies.  
One aspect of microwave oven drying that hasn’t yet been clearly proven is to find an 
accurate correlation between the results achieved from the microwave method and 
those achieved from the standard oven method. One of the aspects of this project to 
further investigate the possibility of correlating the results from the microwave oven 
method to ensure the accuracy of the results. If this is possible it would allow the 
results obtained from the microwave oven test to be adjusted through the use of an 
equation to provide a result that is essentially the same as that achieved from the 
standard oven method.  
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1.4   Research objectives  
 
The main objectives identifies from the project specification, attached as Appendix A, 
for this project along with the methods of achieving them are listed below:  
 Research the background information relating to the drying of, and moisture 
determination of soil samples. 
 Evaluate the current use of microwave ovens in this process. 
 Both of these objectives will be achieved by conducting a thorough literature 
review on the use of microwave ovens for the purposes of testing soil 
moisture content. This will be the first stage of the project and the literature 
review is included within this preliminary report.  
 Identify an appropriate testing procedure to compare the correlation of results 
achieved using a microwave oven to that of the results from the use of an 
industry standard convection oven.  
These objective will be achieved through both reviewing currently available standards 
and test methods for the microwave method, and also reviewing the test methods used 
in each of the studies reviewed as part of the literature review. As well as this the 
testing procedure will be developed in consultation with the laboratory staff at the soils 
laboratory where the testing will be conducted. The experience of the staff will be 
beneficial to ensuring the test procedure used will be appropriate for this study.  
 Study the effects of fine grained content (silt and clay), percentage of 
different types of clay minerals (Kaolinite, Illite and Montmorillonite) and 
organic content has on the correlation between the drying methods. 
 Identify the limitations of use of microwave oven drying techniques for soil 
samples. 
These objectives will be achieved by conducting a series of tests with varying 
percentages of each clay mineral and organic material. The results will then be 
compared to see if there is an identifiable limit at which the results of the microwave 
method are no longer suitable. This will help to identify which types of soil may or 
may not be suitable for use with this method.  
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 Compare the effect sample size has on time taken to test soils samples using 
microwave ovens. 
The sample size used can have a significant impact on the time taken to successfully 
dry the sample. Varying sized samples of the same material will be tested with the 
times compared to show the effect sample size has on drying times. It should be noted 
that there are also other issues that can occur if the sample size is too small. This will 
be taken into account when choosing sample sizes to be tested.   
 
1.5   Conclusions 
  
This project will also endeavour to identify the limitations of using the microwave 
method. It will not be possible to test all potential limitations, however we will 
examine the limitations of clay minerals Kaolinite, Illite and Montmorillonite, and also 
the impact of organic matter content within the soil.  
If it is possible to identify both a correlation between results and some of the 
limitations involved in the use of the microwave drying method it will assist to make 
the applicability of this method clearer to the end user. In situations where this method 
is suitable for use but not currently being used it should be possible to make large 
efficiency gains through the use of the microwave drying method.  
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CHAPTER 2 
LITERATURE REVIEW  
 
2.1 Sample size 
 
During the review of previous studies it became obvious that there was a wide variety 
of sample sizes have been used in the microwave drying method. It is important to 
note that when using the microwave drying method the sample size used appears to 
have a significant impact on the time taken to successfully dry the samples so this will 
be an important factor when establishing the testing regime for this study. In the past 
studies sample sizes ranged from as small as 10 grams through to 1 kilogram. 
The smallest samples used were that used by Routledge and Sabey (1976) where 
samples tested were 5 samples at 10 grams each and 20 samples at 50 grams each. 
These were similar sized to the samples used in the study conducted by Balscio (1992) 
which analysed the results of an earlier study to perform linear regression analysis. 
The sample size used in the earlier study was 15 grams. It is important to note however 
that the samples in the later study were all peat moss samples not soil samples. Another 
study that utilised relatively small sample sizes was Carter and Bentley (1986), 
although they initially used 1kg samples to determine the drying times for different 
soils, for the majority of the testing conducted in the study 20 – 30 gram samples were 
used.  
Sample sizes for the majority of the studies were between 50 – 300 grams. In the study 
conducted by Hagerty et al. (1990b) 50, 100 and 200 gram samples were all used with 
results reported as very little difference in results between different sample sizes of 
the same sample material. The study recommended that sample sizes be kept as small 
as possible to reduce the chances of over drying the outer layers of large specimens, 
especially when the sample involves clay material, but also that all samples should 
have a minimum size of 100 grams. Hagerty et al. (1990a) used sample sizes in their 
study that were all 100 grams.  In the study conducted by Gilbert (1991) sample sizes 
of 100-200 grams were used however in his later study Gilbert (1998) recommends 
that sample sizes used for microwave drying should be in the range of 80-200 grams. 
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The sample size range used by Daod (2012) fitted within these recommendations with 
a sample size of 150 – 200 grams for moisture content determination however smaller 
sample sizes of 50-60 gram samples were used specifically for determining the Liquid 
Limit.  
Larger sample sizes were also used in a number of the studies. Berney et al. used 
sample sizes between 200 and 250 grams with Gaspard (2002) using even larger 
samples with a sample size of 500 grams. There was no detailed explanation on why 
the larger sample sizes were chosen. Kumar (1987) initially used a sample size of 1kg 
for 3 basaltic clays which took approximately 2-3 hours to dry. They later 
recommended that the sample size be reduced to approximately 300 grams for further 
studies due to the time required to dry the samples. The 300 gram samples took 
approximately 20 – 25 minutes to dry in a standard microwave oven which is a 
significant reduction from the previous 2-3 hours required.   
Chung and Ho (2008) took another slightly different approach and used sample sizes 
in three ranges depending upon soil grain type. 100-200 gram samples were used to 
test fine grained samples. 300-500 gram samples were used for medium grained 
samples and 500-1000 gram samples were used to test the coarse grain samples. 
Suwandi et al. (2009) unfortunately did not specify the mass of the samples used which 
makes it hard to accurately compare the results of this study with other studies. 
The Australian Standards list minimum sample sizes that must be complied with based 
on the classification of the material to be tested (Standards Australia 2001, p. 3). 
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2.2 Heating time  
 
The time required to successfully dry soil samples using the microwave method is 
affected by a number of aspects including soil type, sample size, microwave oven 
power and moisture content of soil to be tested. As the biggest impact on heating times 
from other studies appears to be related to sample sizes it is necessary to review the 
times taken to dry samples in those studies and associated sample sizes in order to 
assist choosing the correct sample size to use in this project.  
The study conducted by Routledge and Sabey (1976) used drying intervals ranging 
from 5 minutes through to 35 minutes depending on sample size and material being 
tested. The 35 minute drying time was needed to dry 20 samples which were 50 grams 
each simultaneously. This was a test of the capacity to test multiple samples which is 
a much higher load than what would normally be used. Testing multiple samples at a 
time may have allowed them to avoid the effects of over drying by having a heavy 
load on the microwave.  
Experimentation by Carter and Bentley (1986) determined an approximate drying time 
chart for different types of soil which could be very useful during the testing phase. 
During the testing of 1kg samples to establish the chart drying times were 1-2 minute 
intervals until mass stabilised with a weight taken between dying intervals. For smaller 
samples that were 15-16 grams the drying time required was 3-8 minutes depending 
on the material. This paper recommends a drying procedure that is quite different to 
the current ASTM test method, where the sample is dried continuously for the time 
required from the chart they developed, weighed, and then returned to the microwave 
for 1-2 mins. If the weight after the extra 1-2 mins matches within 0.01g for samples 
up to 300 grams or 0.05 grams for samples from 300-500 grams then the result is 
calculated from the current mass. Caution should be taken when considering this 
approach that it is widely considered that there is a risk of overheating clay samples in 
long continuous drying periods which may give a false result.  
The research conducted by Hagerty et al. (1990b) appears to have formed part of the 
basis of the development of ASTM 4643, hence drying times used in these tests were 
basically the same as the ASTM method. Although in some phases of the testing 
process both 1 and 2 minute drying intervals were tested. 1 minute intervals were 
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adopted for the ASTM method however this method does allow the use of an initial 3 
minute heating period. The authors of this paper also recommend that when taking 
weights of the sample that 7 measurements are taken at 10 second intervals with the 
average taken as the sample weight. This is believed to also prevent overheating of the 
sample by allowing time for it to cool slightly. In the study it took between 8 and 28 
minutes to dry the samples. Hagerty et al. (1990a) followed the testing guidelines of 
ASTM 4643 which requires samples to be heated at 1 minute intervals and then 
weighed. This process is repeated until successive weight measurements are within 
0.01 times the previous weight measurement. The testing regime did vary on samples 
that took a significant period of time to dry where drying times between measurements 
were extended to 15mins after the first 10 one minute periods showed that significant 
mass change was still taking place.  
After the development of ASTM 4643 this test method appears to have become the 
most widely used microwave drying test procedure and has been used in different parts 
of the world with some level of variation. Gaspard (2002) conducted testing as per 
ASTM 4643 except that based on previous experience they raised the initial drying 
period from 3 minutes to 6 minutes on the soil types tested. This is allowed under the 
ASTM method. Times taken to test 500 gram samples ranged from 11 minutes through 
to 32 minutes depending on the soil type with a mean duration of 23 minutes. The 
study by Chung and Ho (2008) used ASTM 4643 with 1 minute drying intervals 
although the initial drying period was reduced to 2 minutes.  
The average drying times across the same type of materials tested at varied power 
setting showed that at a high setting of 700W the samples tested had an average drying 
time of 11.8 minutes. When this power setting was reduced to a medium power setting 
the average time increased to 20.8 minutes per sample and the tests conducted on low 
power setting took too long to be useful (greater than 1 hour and still not finished). It 
should be noted that less tests were conducted on medium setting than high setting. 
Further details of the drying times are available on page 33 (Chung and Ho, 2008). 
Studies conducted by Suwandi et al. (2009) and Berney et al. (2012) both used test 
methods in accordance with ASTM 4643-00 with 1 minute intervals. Total drying 
times required for the samples tested were not included in their reports.  
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The study by Kumar (1987) achieved a heating time of 20-25 minutes for a 300 gram 
sample however in the initial tests where 1 kg samples were used drying time was 
approximately 2-3 hours which starts to become excessive. For the larger 1kg samples 
the samples appear to have been weighed every 20 minutes of drying time. The 300 
gram samples were weighed every minute. Daod (2012) used a drying time of 30 
minutes but no further detail was given regarding intervals between mass 
measurements.  
Diprose (2001) raises that an important point to consider is that different microwaves 
operate their lower power settings differently. Some have an inverter so that the 
samples would receive a fraction of the power continuously over the time the sample 
is in the microwave. Microwaves that don’t utilise an inverter simply give short bursts 
of full power with intervals of no power. This could have an effect on drying times. 
The Australian standards are quite vague on the heating times required for testing 
samples using microwave drying. The only specific requirement in regards to drying 
time is that all subsequent heating times must be at least one quarter of the original 
drying time (Standards Australia 2005, p. 3).  
Following this review of the drying times the test procedure used will be developed to 
ensure that it meets the requirements ASTM 4643-08 which complies with the 
Australian Standards regarding the time interval between weighing the samples.  
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2.3 Specimen container type  
 
There are several options for the type of container which may be used for containing 
the soil sample during microwave drying. The only real exclusion to the type of 
container that may be considered for use is metallic containers as they are not suitable 
for use in a microwave oven.  
In an early study conducted by Routledge and Sabey (1976) tared paper cups were 
used to hold specimens. Whilst this type of container appears to have been used 
successfully there are many better options available for use so this type of container 
will not be considered for use in this project.  
For their study of microwave drying Carter and Bentley (1986) used glass Pyrex 
beakers, silica dishes and porcelain evaporating dishes to establish which types of 
containers were suitable. Whilst they determined that all types were able to be used 
the Pyrex beakers were found to potentially create condensation issues depending on 
the shape. The porcelain evaporating dishes were determined to be preferable as they 
had an open shape and they absorbed more microwaves than the other container types 
which made them warmer and seemed to prevent condensation issues. The study by 
Daod (2012) used Porcelain containers successfully also. In a later study Gilbert 
(1988) used Pyrex beakers successfully but also noted that tall beakers should be 
avoided due to potential condensation issues.  
Hagerty et al. (1990a) used both Borosilicate glass beakers and porcelain dishes during 
the testing however offered no comparison between the two types of specimen 
containers. In another study Hagerty et al. (1990b) used 250mL Borosilicate glass 
beakers successfully. Unfortunately in many of the other studies the type of specimen 
container used for microwave drying was not specified however there appears to be 
sufficient evidence from the studies that did supply the details of the types of sample 
containers used in their studies that the most appropriate choice of container will be a 
porcelain evaporating dish or a glass beaker so long as it is not of a tall and narrow 
design.  
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2.4 Result comparison with standard oven method 
 
A major objective of this project is to attempt to find a consistent correlation between 
the microwave drying method and the standard oven method. If this is possible it 
would allow the moisture content results obtained from microwave oven drying to be 
slightly adjusted through the use of an equation to more accurately reflect the results 
that would have been achieved through the use of the standard oven drying method. 
For this purpose it was important to review past comparisons of the results achieved 
from microwave drying compared to the results from standard oven drying.  
The study by Routledge and Sabey (1976) found that the shape of the drying curves 
produced were of the form y = AeBt, where t = time and y = moisture %. Using this 
type of curve R2 values were quite high with 0.996 for clay and 0.980 for loamy sand. 
At this stage I’m not sure if this information will be useful for this project but it may 
assist when determining correlation between the methods. The Australian Standard 
specifies linear regression analysis to be used however it may be possible that non-
linear methods of correlation may provide the best correlation.  
Research by Kumar (1987) found that the results obtained from the microwave oven 
were comparable to the results from the standard oven test. They found the results 
were within 0.2 - 1.1% of the results from the standard oven. Straight line correlation 
between the two methods was described as excellent with R2 > 0.95 for the soils tested. 
They also found a correlation where Convection Oven = 1.018 x Microwave Oven – 
0.095. They noted that this relationship needs to be established for particular soil types 
preferably at the start of a project. They also mentioned establishing 95% confidence 
limits which has since been accepted as part of the current Australian Standard. 
Another study by Daod (2012) also found very close results between the two methods 
when testing both moisture contents and liquid limits using the microwave oven 
method and the maximum difference found between the microwave oven and standard 
oven drying methods was 1.2% for moisture contents and 1.8% for the liquid limits. 
In the moisture content tests 85% of the samples tested showed a difference of less 
than 1%. 79% of the liquid limit tests also had a difference of less than 1%. No attempt 
appeared to be made to correlate the results, just the difference of results between 
methods was analysed.  
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Carter and Bentley (1986) found that the results achieved from the 600 watt 
microwave mostly compared well to the results achieved from oven drying. They 
found slightly higher moisture contents were given at higher power settings. This 
could be an indication of a slight amount of over drying given the warning of over 
drying samples in numerous studies. They found that having the microwave set at full 
power the results averaged 0.4% higher moisture contents than the oven method, 
whereas a 70% power setting averaged moisture contents that were 0.1% less than the 
oven results. Samples tested at 50% power settings gave results that averaged 0.4% 
lower than the oven dried samples. This was from a relatively large study of over 250 
samples which indicates with a certain amount of confidence that a 600 watt 
microwave used at around 70% power setting should obtain results very close to oven 
results. Further study could try to narrow down the power rating of the microwave that 
will achieve the most accurate results. 
The results of the study by Gilbert (1988) showed a good correlation between results 
obtained from both methods with the variation of results in the vast majority of test 
samples being less than 1%. It should be noted that a computer controlled microwave 
oven system was used in the testing however similar results would be expected from 
using a standard microwave oven.  
The study by Hagerty et al. (1990a) found that 90% of the results obtained from the 
microwave method were within 5% of the results from the oven. This difference seems 
a bit larger than some of the other studies. 60% of the microwave test results showed 
higher moisture contents than the oven test. This is an indication that the samples were 
possibly over dried and the test methods used need to be reviewed in more detail. 
Another study conducted in the same year by Hagerty et al. (1990b) achieved results 
that were much closer between the methods noting that the results between different 
oven samples taken from the same soil sample mix showed a variation of 1.02% and 
the difference between individual samples of the same soil sample in the microwave 
method was 0.96%. This was attributed to the location of the samples within the oven. 
This shows that when comparing the oven and microwave drying methods it may be 
necessary to test multiple samples of the same soil sample in both the oven and 
microwave to increase the accuracy of the comparison.   
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The study by Balscio (1992) found that the results between the methods were highly 
correlated with all R2 values except one greater than 0.98 on samples of peat moss 
when using linear regression analysis. This study recommends using a partially 
restricted linear regression model due to the ease of use and still relatively accurate 
results. In the partially restricted linear regression model the slope of the regression 
line is set to 1.0 and the intercept is computed from the data. It should be noted that 
this study was of testing peat moss not standard types of soil or clays.  
Several other studies found relatively close results between the two methods. After 
statistical analysis of their test results Gaspard (2002) concluded that the standard 
microwave oven should provide good results for the type of soils tested in the study. 
The study also concluded that a standard microwave oven is a more feasible device to 
use rather than a computer controlled microwave oven. Chung and Ho (2008) 
concluded that the results of moisture contents from both methods agree quite well 
with the maximum difference from the 72 tests conducted being less than 1%. The 
study by Suwandi et al. (2009) found a minimum difference in the results of 0.28% 
between the methods and a maximum difference of 10%. It should be noted however 
that this was a relatively small study with only 36 sample in total between the three 
methods used. Also sample sizes tested are not specified, this could have an impact on 
the results.  
Gilbert (1991) experienced major errors when testing gypsum with differences of 
greater than 10% between the drying methods. This is expected as the current test 
methods for microwave drying suggest that it is not a suitable method for materials 
containing large amounts of gypsum. Comparison of over 600 tests revealed a strong 
correlation between the two methods with an R2 value of 0.994 for the combined 
results of the two sites tested in this study. It should be noted that in this study a 
computer controlled microwave oven system was used however the results should be 
very similar to those that would be found using a standard microwave oven. This study 
also found that the results produced from the two test methods were randomly 
distributed in that neither method produced results that were continuously higher or 
lower than the results obtained from the other method. This study also suggests that 
the slight differences could actually be caused by small errors due to slight sample 
differences during sampling. However contrary to the problems encountered in by 
Gilbert (1991), a study by Berney et al. (2012) found they could achieve a good 
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correlation between the results from both test methods with an R2 value of 0.9731 and 
concluded that this study believes that the microwave oven method is more suitable 
for samples containing gypsum and calcium carbonate. This as an area for possible 
further study given that separate studies give opposing recommendations with material 
containing gypsum. It should be noted that the effects of gypsum will not be 
considered in my study. The study also noted that accuracy of the microwave drying 
method tended to increase with soil grain size (page 38).   
The Australian standards require the microwave drying method to be correlated with 
the standard oven method by using linear regression analysis as set out in AS 
1289.2.3.1-1998 (Standards Australia 1998).  
 
2.5 Types of clay tested  
 
Some of the different types of clay used in the previous studies were identified by 
Plasticity Index (PI) rather than mineral composition. When comparing the effects of 
varying percentages of Kaolinite, Illite and Montmorillonite have on the ability to 
utilise microwave drying it will be necessary to test the PI of samples to allow a better 
comparison with previous studies. Kumar (1987) tested three different basaltic clay 
specific to the area of highway being constructed in Victoria. They were described as 
Red (PI=40), Brown (PI=75) and Grey (PI=95). No further detail on the type of clay 
was given. The study by Daod (2012) was conducted in Kurdistan and clay types are 
given by colour only, no further information is given. Two types of clay were used in 
the study by Hagerty. et al. (1990a). They were Kaolin (PI=50) and Bentonite (PI=48). 
Although this study did list the clay used as Bentonite, a PI of 48 appears very low 
compared to other what would be expected for a Bentonite clay. These were tested 
separately and also in two different mixes of 4 parts kaolin 1 part bentonite and 8 parts 
kaolin 1 part bentonite.  
Some of the studies didn’t identify the PI of the clays being tested but referred to them 
by mineral makeup or soil types. In the study by Carter and Bentley (1986) three types 
of clay were used in this study. They were sandy clay, estuarine clay, lateritic clay, 
kaolin and bentonite. All were able to be dried successfully using the microwave 
method. No information was given regarding the PI of the clays. An earlier study 
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conducted by Routledge and Sabey (1976) used two types of soil. The first type was 
made up of 84% sand, 7% silt and 9% clay. The second test material contained 29% 
sand, 26% silt and 45% clay. Gilbert (1991) tested a number of samples containing 
various local clays to the area tested in the USA and also tested Georgia Kaolin which 
was approximately 97% Kaolinite (PI=23). The Kaolin sample tested with a maximum 
difference of 0.3% between the methods.                                       
Gaspard (2002) tested two type of clay samples. LA 15 clay (PI=50.2) and Big River 
clay (PI=62). The results from both methods compared well for both of these samples. 
Soils tested by Suwandi et al. (2009) were local soils to Malaysia and were described 
as containing clay with PI’s ranging from 30.2 to 36.5 for the 12 soils sampled.  
Some of the clay minerals being tested in this project have shown good comparisons 
between the drying methods in previous studied, in particular kaolinite and 
montmorillonite. They will still be compared again in this project as this project will 
focus on utilising methods that satisfy current Australian Standards and related test 
methods. Previous studies used various testing methods which may have an effect on 
the comparison of the results.  
 
2.6 Organic material  
 
There was limited information found regarding the testing of soils containing organic 
matter in previous studies. This increases the importance of comparing the results 
between the methods with varying percentages of organic material in an attempt to 
find what limit of organic material within the soil samples will make the microwave 
drying method unsuitable for use.    
Jackson and O’Neill (1988) didn’t dry samples using the microwave but did reveal 
details about organic content of soils. This study identified that a typical range of 
organic material in the soil of an agricultural plot is around 2-6% by weight. These 
percentages of organic material would be a good starting point when making up 
samples to test the ability of the microwave to dry samples containing organic 
material. 
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Balscio (1992) uses results from the testing of samples of peat moss from mushroom 
farming beds successfully however it does not specify exactly what the peat moss 
consists of.  
It is stated in Australian Standard AS 1289.2.1.4-2005 that the microwave drying 
method is not suitable for samples containing organic matter unless it is temperature 
controlled however it doesn’t state what level of organic material within the soil 
precludes the use of standard microwaves being used for drying samples (Standards 
Australia 2005, p. 1).    
 
 
2.7 Microwave ‘no load’ protection  
 
A number of the studies using microwave drying included some sort of material to 
absorb the microwave energy along with the test sample to ensure that when the 
sample had completely dried there was never a no load situation as this can result in 
severe damage to the microwave. 
Carter and Bentley (1986) used pieces of asbestos as the ‘dummy sample’ however 
this is obviously no longer suitable due to the dangers posed by the asbestos material. 
They also claimed that a beaker of water was unsuitable due to the possibility of steam 
being produced and affecting the accuracy of the results obtained.  
Gilbert (1991) simply used an unglazed brick as no load protection which worked 
successfully. He noted that the brick does slow the drying of the samples slightly but 
that it was necessary to avoid major damage to the equipment.  
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CHAPTER 3  
METHODOLOGY  
 
3.1   Introduction 
 
This chapter will cover the methodology that was utilised to complete the testing of 
the samples required to compare the standard oven and microwave oven drying 
methods. This includes the materials that were tested, the equipment used, the method 
used to prepare the samples and the test methods used to conduct the testing in the 
laboratory.  
 
3.2   Materials to be tested  
 
Three types of clay are to be tested as specified in the project specifications. These 
clay types are Kaolinite, Montmorillonite and Illite.  
 
Kaolinite: This was obtained via a product produced by Sobelco called Snobrite 55. 
This is 98% Kaolinite with the remaining 2% Quartz. This was the closest product to 
pure Kaolinite that I could obtain.  
 
Montmorillonite: This was obtained as Sodium Bentonite which is used as a cat litter 
product. Bentonite and Montmorillonite are regarded as the same product essentially. 
Bentonite comes in two main forms being Sodium and Calcium. After speaking with 
the company that mines Sodium Bentonite in Queensland I was advised to purchase 
cat litter from Aldi as it is 100% Sodium Bentonite from their mine in Miles, 
Queensland.  
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Illite: This was a much harder product to obtain. It was eventually obtained in a fine 
powdered form as it is used by the beauty and health industries in this form. I was only 
able to obtain 9kg of Illite at a cost of $270 so the sample sizes for this material were 
restricted in size  
 
3.3   Limiting variability during testing  
 
It was highlighted by laboratory staff early in the test preparation stage that to get the 
most accurate comparison of the drying methods possible it would be essential to 
reduce variability as much as possible during the testing process. 
 
Dry weights used for sample ratios and sizes: 
The first part of this process was to ensure that all samples were mixed according to 
the equivalent dry weights of the materials. This was important as all of the materials 
that were to be utilised had different moisture contents. This was achieved by placing 
all materials in sealed plastic containers so that their moisture contents will remain 
unchanged and taking an initial moisture content for each of the materials using the 
standard oven method. All samples will be mixed using equivalent dry weights to 
ensure ratios of materials are consistent throughout the samples to be tested. To make 
it easier to mix the samples a spreadsheet is used to calculate the amount of material 
required for each sample to give the dry weight equivalent required. 
Another reason to use the dry weight equivalent is to ensure an accurate comparison 
between samples tested across a large moisture content range. If wet weights were 
used for example a dry sample would contain a much larger proportion of soil and clay 
mix than a wetter sample. This would not be a fair comparison of the methods at 
different moisture contents. The only way to provide a fair comparison is to ensure 
that the amount of soil and clay mix is consistent across the entire range tested with 
the only variation being the amount of water in the samples.  
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Cooling time prior to recording mass of sample: 
 
In accordance with AS1289.2.1.4-2005 the sample is required to be allowed to cool 
after each heating cycle until the sample container is warm to touch. To ensure 
consistency throughout the testing process some trial and error was used in 
consultation with laboratory staff and it was decided that a cooling period of 1 minute 
following each heating cycle fulfilled this requirement. A one minute cooling period 
will be timed for each sample after each heating cycle to remove any variability in 
results due to different cooling times.  
 
 
3.4   Samples to be tested  
 
The materials need to be tested at a range of clay/silt mixes across a range of moisture 
contents. After speaking with the testing operators at the laboratory where testing will 
be completed the following test regime was proposed.  
Each clay will be tested at 0%, 20%, 40%, 60%, 80% and 100% mixtures with a silt 
mix. This should allow a good snapshot of how the amount of each clay type and silt 
affects the use of microwave drying. If an issue is identified with the correlation 
becoming worse at a certain mix further tests can be conducted for the interval mixes 
if required e.g. 70%, 90% etc. These were simply skipped in the early stages as to 
conduct tests at every 10% mix would raise the number of tests required substantially.  
At each of these mixes 12 samples will be prepared spanning across the expected 
moisture range. Each of these samples will be divided into two sub-samples which 
contain 150 grams of dry material plus any additional water required. One sample will 
be dried in the microwave and one in the standard oven. The exception to this is the 
samples containing Illite are 110 gram sub-samples due to limited materials and 
samples containing peat moss (organic material) are 80 gram sub-samples due to the 
bulky nature of the material.  
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This will satisfy AS 1289.2.3.1-1998, which requires a minimum of 10 samples to be 
tested across the expected moisture range that is likely to be encountered with a 
particular material in order to achieve a correlation between the methods. This will 
allow each percentage mix of each type of clay to be correlated. By testing 12 samples 
it allows the possibility of an error occurring in up to 2 samples per mix to be tested 
and still having enough results to complete the correlation as per AS 1289.2.3.1-1998. 
Following this proposed methodology 12 oven dried samples and 12 microwave dried 
samples will be completed for the fine grained silty soil with 60 samples tested by 
each method for each type of clay. This will result in 192 oven dried samples and 
192microwave dried samples to compare, which is 384 samples tested in total. This is 
for the initial comparison of materials from their original moisture content up to 30% 
moisture content. This was chosen as the upper limit initially for the mixed samples 
as this was just above the liquid limit of the fine grained silty soil and would allow a 
comparison across the mixes to compare the affect that silt and clay content changes 
had on the suitability of the microwave drying method.  
After the testing of the material properties it became evident that each of the clays 
would need to be tested at higher moisture contents, up to their liquid limit. These 
higher moisture contents were tested on samples that consisted of 100% clay for each 
of the three clay types. The samples were tested across the range of higher moisture 
contents up to their liquid limit however due to limited material Illite was tested at 
liquid limit only. 
The soils with organic content will be tested in the same fashion however percentage 
mix of organic content to silt content may be different from that used with the clays. 
The organic material mixes were initially tested at 5%, 10%, 20% and 40% mixed 
with the same mix of fine grained silty soil that was used in the testing of the clays. 
Due to the bulky nature of the peat moss that is used as organic content it was 
necessary to use a lighter sample size to be able to contain the sample in the test 
containers. Through some trial and error it was decided that a sample size of 80 grams 
would be used in the organic samples up to 40% and if higher percentage organic 
matter samples were required the sample size may need to be further reduced.  
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3.5   Test method to be used  
 
Following the literature review it became apparent that the most comprehensive test 
method currently available is ATSM D4643-08 (ASTM 2008). This method assists to 
reduce the possibility of over drying the samples which is particularly important with 
clay samples. For these reasons this is the tests method that will be used in the testing 
of the samples. The only addition to this method is to include a 1 minute cooling period 
between the sample being removed from the microwave and the mass being taken. 
This method still complies with AS1289.2.1.4-2005, the Australian standard for 
determination of the moisture content of soil using a microwave oven (Standards 
Australia 2005, p. 2).   
The test method used for the microwave drying is as follows: 
1. Prepare a suitable sized representative sub-sample. 
2. Determine mass of clean, dry container. 
3. Place specimen in container, immediately determine and record mass. 
4. Initially dry for 3 minutes. This can be adjusted shorter or longer based on 
experience however as I have no experience with this type of testing on these 
materials at this stage the time will remain at 3 minutes.  
5. Allow sample to cool for 1 minute using a timer to ensure consistent times.  
6. Check mass and record. 
7. Carefully mix soil with extreme care not to lose and soil from container. 
8. Reheat for a further 1 minute.  
9. Repeat steps 4 – 6 until change is less than 0.1% of the initial wet mass of the 
soil. i.e. 0.15 grams for a 150 gram sample.  To take into account any limited 
performance of the balance during testing 150 gram samples will be 
considered dry when the change is less than 0.1 grams.  
 
For the samples tested using the standard oven method the test method used was from 
Roads and Maritime Services NSW test method T120 which uses the method set out 
in Australian Standard AS 1289.2.1.1-2005 (Standards Australia 2005, p. 2).  
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The test method used for the standard oven method is as follows: 
1. Prepare a suitable sized representative sub-sample. 
2. Determine the mass of a clean and dry container. 
3. Place specimen in container, immediately determine and record mass 
4. Place the container with the sample in the oven and dry at 105°C to 110°C to 
constant mass. 
5. After drying remove from oven and allow to cool until touch. 
6. Determine the mass of the container and soil. 
7. Return sample to the oven for at least one hour. 
8. Repeat steps 5-6 until the difference between the current and previous mass is 
less than 0.1% of the initial mass of the wet soil.   
 
3.6   Equipment required  
 
For this project an array of equipment was needed to complete the laboratory testing 
to a high standard.  The equipment used throughout the testing phase is listed below.  
 
3.6.1 Microwave ovens 
 
The microwave oven used for testing were Sharp R-350Y(W) 1200W models. Two 
microwave ovens of exactly the same model were used throughout the testing as 
shown in Figure 3.1. They were inverter microwave ovens and were able to be set to 
provide a continuous 720 Watts (60%) power. It was identified in the literature review 
that drying with a microwave oven of around 700 Watts power was sufficient power 
to dry the samples and had a lower chance of over drying the samples than using a 
high power setting. This is particularly important with clay materials.  
A refractory (fire) brick was used in each microwave to reduce the chance of the 
microwave reaching a no load condition whilst drying samples as shown in Figure 3.2. 
These were successfully used in previous studies and appeared to perform well 
throughout this project.  
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Figure 3.1: Microwave ovens set up for testing  
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Figure 3.2: A refractory (fire) brick in the microwave oven for ‘no load’ protection 
 
3.6.2 Standard laboratory oven 
 
The comparison requires one of the subsamples of each sample to be tested using the 
standard oven method. To complete this testing the standard ovens used in the soils 
testing laboratory where testing was taking place. The ovens are checked and 
calibrated as required by the laboratory requirements. The ovens were used only at the 
standard temperature of 105 degrees Celsius +/- 5 degrees as required by the 
Australian Standards (Standards Australia 2005).   
 
3.6.3 Sample containers 
 
Two different types of containers were utilised for the testing of the samples. For use 
it the standard oven method aluminium tins were utilised. They were 100mm in 
diameter and 50mm deep. For use in the microwave oven glass pyrex dishes were 
used. They were 110mm in diameter and 65mm deep. Also a glass rod was included 
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in each container so that the sample could be stirred during the testing process without 
risking losing any of the sample material. The glass rod was included as part of the 
container weight. 
All sample containers were numbered individually so that samples were not mixed up 
in the drying process.   
 
3.6.4 Balance  
 
A balance was available for use at the soils testing laboratory where all testing was 
carried out. The balance must have a limit of performance not greater than +/- 0.5 
grams for samples between 100 grams and 500 grams, and not greater than +/- 0.05 
grams for samples less than 100 grams (Standards Australia 2005, p. 2).  
This balance satisfies these requirements. To ensure that consistent accuracy is 
maintained the balance was checked by laboratory staff using their standard six month 
balance repeatability check prior to the commencement of this testing program and the 
balance was calibrated at the beginning of each day when used. As the balance was 
required for use within the laboratory during the testing period, each time it was 
required to be moved it was relevelled and calibrated. Also to aid accuracy the balance 
was positioned on a large tiled concrete block separated from the bench around it and 
whenever possible the air-conditioning was maintained at a constant temperature for 
24 hours prior to testing, however sometimes this was not possible. In the event that 
the air-conditioning was not maintained for 24 hours before testing the calibration of 
the balance was checked every 2 hours to ensure accuracy.  
 
3.6.5 Basic laboratory equipment 
 
There were a number of basic laboratory items that were required for this testing 
program to be completed. As the testing was completed at a working laboratory these 
items were readily available.  
These items included: 
 Steel mixing bowls  
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 Plastic spatula’s 
 Scoops  
 Resealable plastic material containers  
 Resealable sample bags (these were purchased for this project) 
 Water spray bottles  
 Trays for oven samples  
 
3.6.6 Riffle box  
 
The riffle box is a standard laboratory method for ensuring that a large sample is 
divided into representative sub-samples (Standards Australia 2014, p. 9). This process 
is repeated until the required sample size is obtained. For this project the amount of 
fine grained silty soil that was required needed to be stored in 4 separate plastic 
material containers. To ensure that 1 sample was divided into 4 representative sub-
samples the riffle box was used.  
The use of the riffle box will be described in detail in the sample preparation section.  
 
3.7   Sample preparation  
 
To ensure that the results of this project were as useful as possible a significant effort 
was placed into the preparation phase. This will assist in ensuring that the comparison 
between the methods across the range of materials tested is as accurate as possible.  
 
3.7.1 Preparing the fine grained silty soil 
 
The base silty soil that all the clay samples will be mixed with was first sieved through 
a 2.36 mm sieve as shown in Figure 3.3 below. Only material which passes this sieve 
will be used.  
Although I was hoping to be able to use only silt, after consultation with laboratory 
technicians it was decided that it would be extremely difficult if not impossible to 
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ensure 100% silt was used given the volume of material required so in place of this 
original idea, fine grained silty soil was sieved in this manner only.  
As 100% of the soil mix has passed through the 2.36 mm it meets the definition of a 
fine grained given in the Australian Standards which requires not less than 80% of the 
material to pass the 2.36 mm sieve (Standards Australia 2001, p. 3). This soil 
classification is needed for meeting the Australian Standard minimum sample size 
which will be covered in a later section.  
A sieve analysis of this base material will be conducted to determine how much silt 
was contained within this material.  
 
 
Figure 3.3: Using a sieve to ensure fine grained soil material is under 2.36mm. 
 
 
Once sieved there were three distinct materials as shown in Figure 3.4 below, which 
were to be mixed to create one sample of the fine grained silty soil. 
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Figure 3.4: Three materials for fine-grained silty soil material prior to being combined  
 
 
 
These were initially mixed by adding 2.5 kg amounts of each of the three material type 
into a container and mixing by hand until the mix was homogeneous. The mixing of 
these materials by weight is shown in Figure 3.5 below. This volume of material was 
chosen as it could be easily mixed in a container without being too slow. Any amount 
of material could have been used provided that equal amounts of each material were 
added.  
As the three different materials were quite distinct in colour this was quite easy to see 
when the materials were well mixed. 
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Figure 3.5: Materials being combined by weight for the fine-grained silty soil 
 
 
Once mixed theses samples were then mixed through a riffle box to create two sub-
samples. The riffle box is shown in Figure 3.6 below. This device reduces a sample of 
material into two representative, approximately equal sized sub-samples (Standards 
Australia 2014, p. 9).  These two subsamples were then passed through the riffle box 
again to create 4 sub-samples. This was done to ensure that as best as possible the 
subsamples obtained to use in the testing were even and representative samples to 
ensure consistency throughout the testing process.  
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Figure 3.6: The riffle box used to quarter the fine grained silty soil into sub-samples.  
 
 
 
This process can be repeated as many times as necessary but in this case 4 sub-samples 
were required to ensure that all of the fine grained silty soil could be stored in sealed 
plastic material containers as shown in Figure 3.7 below. This was done so that an 
initial moisture content of the material could be tested to allow the material to be mixed 
in dry weight equivalent. This is needed to ensure that ratios of materials and sample 
sizes are consistent throughout the testing process.   
 
This fine grained silty soil will be used to mix with the clay and organic matter for 
testing.  
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Figure 3.7: Material stored in plastic containers to keep moisture content stable 
 
 
3.7.2 Establishing the initial moisture content of all materials  
 
As covered in the section on reducing variability in the testing process, I was given 
technical advice from the laboratory staff that to ensure a fair comparison throughout 
the range of samples and also to ensure that the ratios of materials were consistent it 
was necessary to mix all samples based on the equivalent dry mass of the material. 
Essentially this means to take into account any moisture already contained within the 
material as it is impractical to dry such a large amount of material prior to mixing the 
samples.  
The materials to be used for testing were removed from their original packaging and  
placed within air tight plastic containers to ensure moisture levels remained relatively 
constant and initial moisture content readings were taken using the oven drying 
method so that all samples could be mixed based on their dry weight. Figure 3.8 below 
shows the fine-grained silty soil, Bentonite, Kaolinite and Illite after they were dried.  
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Figure 3.8: Samples used to determine initial moisture content of the materials. 
 
The initial moisture contents of the materials to be used for testing are listed in Table 
3.1 below. The calculations for the initial moisture content are included within the 
spreadsheet in Appendix B for each of the materials. These were also verified by hand 
calculations. 
  
MATERIAL INITIAL MOISTURE CONTENT (%) 
Fine-grained silty soil  10.1 
Bentonite (1) 16.0 
Bentonite (2) 16.5 
Kaolinite  2.0 
Illite  5.6 
Peat moss (organic content)  170.1 
Table 3.1: Initial moisture content of materials  
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3.7.3 Development of the mixing list for samples  
 
To reduce the chance of errors and to ensure that the samples would cover a sufficient 
range of moisture to offer and accurate comparison of the drying methods a sample 
mixing list was developed in the form of an excel spreadsheet. The sample mixing list 
that is produced by the spreadsheet  contains the type of material to be used for each 
group of samples, the sample number of each sample to be mixed, the amount of clay 
and fine-grained silty soil required for each sample in terms of wet material and also 
any additional water required for the sample. The benefit of having the mix list already 
in terms of wet mass of each material required is that all adjustments have been made 
and the person mixing the samples simply needs to add the mass of each material listed 
on the sheet. The spreadsheet used to calculate the mixing list is attached as Appendix 
B and the mixing list produced by the spreadsheet is attached as Appendix C.  
  
The first step in developing the spreadsheet was to use the initial moisture contents to 
calculate the required quantities of each material for each of the samples to be mixed 
including any additional water to be added.  
The formula used to calculate the wet mass of material required to ensure the correct 
amount of dry material was: 
 
𝑊𝑀 = 𝐷𝑀 + (𝐷𝑀 𝑥 
𝐼𝑀𝐶
100
) 
 
Where:  WM = Wet mass of the material (grams)  
  DM = Dry mass of material required (grams) 
  IMC = Initial moisture content of the material (%) 
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This formula takes into account the moisture already contained within each of the 
materials so that when mixed each sub-sample to be tested will contain 150 grams of 
dry material for the fine-grained silty soil, Bentonite and Kaolinite mixes. For the Illite 
mixes each sub-sample will contain 110 grams of dry material and for the organic 
mixes containing peat moss they will contain 80 grams of dry material.  
Due to the number of calculations required it was much easier to implement this in the 
form a spreadsheet. The spreadsheet calculations were validated using hand 
calculations of random samples throughout the range of samples to be tested.  
 
NOTE: The sample size can be easily adjusted for each material within the 
spreadsheet. The sample masses listed here are the final sample masses that were 
decided on for testing in consultation with laboratory staff. This was a beneficial 
feature of using a spreadsheet for the calculations as this made adjusting the sample 
sizes to see how much of each material would be required. This was particularly useful 
when adjusting the sample size for the Illite samples given the restricted amount of 
material available compared to the other materials. The amount of each material 
required is output by the spreadsheet.  
 
MOISTURE RANGE TO BE TESTED 
To enable a comparison and to meet the requirements of the Australian Standard for 
the correlation of the microwave method to the standard oven method it is necessary 
to test a minimum of 10 samples across the expected moisture range (Standards 
Australia 1998, p. 1). To ensure this criteria is met and that a comparison across the 
different mixes was possible it was decided to test each of the mixes at moisture 
contents ranging from the initial moisture content of the mix without any additional 
water being added through to a moisture content of 30%. The upper limit of 30% was 
decided upon as this was slightly above the liquid limit of the fine-grained silty soil. 
The spreadsheet is set up so that the upper moisture tested for each range of samples 
can be manually entered to enable different upper limits could be set easily.  
Due to the wide ranging properties of the materials being tested it was necessary to 
test each of the clays at higher moisture contents right through to their liquid limit. 
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This was completed with the Bentonite and Kaolinite, however due to the limited 
availability of Illite material it was tested at its liquid limit but no samples were tested 
between 30% and its liquid limit.  
The lower moisture content is calculated automatically by the spreadsheet based on 
the initial moisture content of each of the materials in the sample. This is the moisture 
content of the combined materials without any additional water added. The formula 
used to calculate the lower moisture content tested is:  
 
𝑀𝐶 = (
𝐶
100
 𝑥 𝐼𝑀𝐶𝑐𝑙𝑎𝑦) + (
𝑆
100
 𝑥 𝐼𝑀𝐶𝑠𝑖𝑙𝑡) 
 
Where:  MC = Moisture content (%) 
  C = Clay content of sample (%) 
  IMCclay = Initial moisture content of clay (%) 
  S = Fine-grained silty soil content of sample (%)  
  IMCsilt = Initial moisture content of fine-grained silty soil (%)   
 
 For materials containing organic matter the same basic formula is used as follows: 
 
𝑀𝐶 = (
𝑂𝑟𝑔
100
 𝑥 𝐼𝑀𝐶𝑜𝑟𝑔𝑎𝑛𝑖𝑐) + (
𝑆
100
 𝑥 𝐼𝑀𝐶𝑠𝑖𝑙𝑡) 
 
Where: Org = Organic matter content of sample (%) 
  IMCorganic = Initial moisture content of organic material (%) 
All other properties are the same as listed in the previous equation for 
clay. 
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After establishing the lower and upper moisture contents that will be tested the 
spreadsheet spreads the remaining 10 samples to be tested evenly across the range 
between these two limits. This ensures both compliance with the Australian Standards 
and also provides a range of moisture contents sufficient to make an adequate 
comparison between the methods.  
 
The next step for the spreadsheet is to calculate the amount of additional water that 
needs to be added to each sample. It is known that the first sample of each set of 
samples requires no additional water to be added. The moisture content of each sample 
is then used to calculate the amount of water that is required to be added using the 
following formula: 
 
𝑊 = (
𝑀𝐶𝑠𝑎𝑚𝑝𝑙𝑒 −  𝑀𝐶𝑙𝑜𝑤𝑒𝑟
100
) 𝑥 𝑆𝑎𝑚𝑝𝑙𝑒 
 
Where:  W = Additional water required (grams) 
  MCsample = Moisture content required for current sample (%) 
  MClower = Moisture content of the lowest moisture sample in the group 
Sample = Sample size required based on dry weight of materials 
(grams)   
 
It is important to note that the MClower is the lowest value of each group of samples, 
i.e. each different mix has a different lower moisture content.  
The implementation of this formula in excel was validated by hand calculations of 
random samples.  
 
To get the mass of the sub-samples the mass of the clay/organic matter, fine-grained 
silty soil and any additional water required are added together.  
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Sub-sample mass = C/O + S + W  
 
Where:  C/O = Clay or Organic matter in terms of wet material (grams) 
  S = Fine-grained silty in terms of wet material (grams)  
  W = Additional water required to be added (grams) 
 
This sub-sample mass calculated will be used when dividing the samples during 
testing. For the purposes of mixing the samples the masses of each of the materials to 
be added are simply doubled within the spreadsheet.  
 
Sample mass = 2 x Sub-sample mass 
 
The masses for each of the materials required to be added to create the sample are 
added to a sample mixing list alongside the respective sample numbers so that the 
mixing list can be printed and used in the laboratory to accurately mix the required 
samples in an efficient manner. There is also a space provided for the sample to be 
ticked off when mixed to ensure that all samples are mixed and no double ups occur.  
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SETTING UP THE BALANCE  
 
The balance used to measure samples for both mixing samples as well as weighing 
samples during the drying process was calibrated regularly to ensure accuracy 
remained at a high level to reduce the chance of error. Prior to being calibrated the 
balance is positioned on a concrete block with a tiled top that has been set up in the 
laboratory specific for locating balances. Once the balance is in position it is levelled 
up to within the markings located in the level bubble on the balance.  
 
The balance can then be calibrated using calibrated laboratory masses as shown below 
in Figure 3.9. This was done each time the balance was moved and also again at the 
beginning of each testing session. Whenever possible the air-conditioning in the 
laboratory was left running for 24 hours prior to testing to ensure a stable environment 
for the balance. Where this was not possible the balance was checked using the 
calibrated masses every 2 hours to ensure that balance drift was kept to a minimum.  
 
Prior to the beginning of the test program the balance was checked against the 
laboratories 6 month balance repeatability check which was within the requirements. 
The monthly single point check sheet and six month repeatability check sheets for the 
balance have been attached as Appendix D. 
 
Note that although the microwave is in close proximity to the balance in the following 
photograph it was moved to a location further away from the balance before any 
testing began to ensure the microwave operating did not affect the operation of the 
balance.  
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Figure 3.9: Calibration of the balance using calibrated masses 
 
 
3.7.4 Mixing samples 
 
 
After development of the sample mixing list and setting up the balance the testing 
program was able to be moved into the stage of mixing the samples in preparation for 
testing.  
 
The samples were mixed using the masses of materials given on the printed mixing 
list. To ensure that samples were easily identifiable all samples were allocated a unique 
sample number and even if the sample was not required for any reason the number 
was not reallocated to a different sample. At the time of mixing the samples the sample 
number was written on the resealable sample bag with permanent market to ensure 
that all samples were identifiable. An example of the way the mixing list was used is 
shown in Figure 3.10 below. 
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Figure 3.10: Sample mixing list being used when mixing samples 
 
 
From initial trials it was discovered that the best way of mixing the samples was to 
mix them directly inside the resealable bag that will be used to hold the samples while 
the cure. The main reason for mixing the samples this way as opposed to mixing them 
in a separate bowl was to reduce the amount of sample lost during the transfer between 
containers.   
 
The balance was zeroed after the plastic sample bag is in position and again between 
each material added. Dry materials were mixed well once both materials were in the 
sample bag and then any additional water required was added as evenly as possible 
through the use of a spray bottle and stirring the sample material using a plastic 
spatula. This process is shown in Figure 3.11 and Figure 3.12 below.  
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Figure 3.11: Setting up the resealable sample bag on the balance for mixing 
 
 
Figure 3.12: Adding the required materials to the sample mix 
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The majority of the air was removed from the sample bag and the bags were sealed as 
shown in Figure 3.13 below. These were numbered with the sample number 
corresponding to those listed in the spreadsheet to ensure that samples were not mixed 
up.  
 
Figure 3.13: A mixed sample with air removed ready for curing 
 
 
A curing time of at least 24 hours was used to ensure moisture content would be even 
within each sample however most samples cured for at least a few days prior to testing.  
For the clay samples with higher moisture contents the samples were left to cure for 
at least 7 days. This was sufficient to allow the moisture to be evenly distributed 
throughout the sample material.  
The samples arranged for curing are shown in Figure 3.14 below.  
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Figure 3.14: Samples arranged for curing 
 
 
 
3.8   Testing procedure  
 
When ready for testing the samples were emptied from the bag into a steel dish and 
thoroughly mixed to ensure the sample was as even as possible. This process is shown 
in Figure 3.15 below. This material was then split into two sub-samples for testing. 
The amount placed into the glass dish for microwave drying was accurately measured 
to ensure that 150 gram dry weight equivalent samples were used for all microwave 
samples except for the samples containing Illite clay or organic material. The Illite 
sub-samples were reduced to 110 gram dry weight equivalent samples due to a 
restricted amount of the clay being available for testing whist the samples containing 
organic material were reduced to 80 gram dry weight equivalent sub-samples due to 
the bulky nature of the material. The remainder of the sample which may be slightly 
less than half due to a small amount being retained on the dish and the scoop, was 
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placed into the steel tins for drying by the standard oven method. Each dry dish weight 
was recorded before the sample was placed in the dish and for the microwave samples 
a small piece of glass rod is included as part of the dish weight as this rod remains in 
the sample for stirring throughout the testing process. It is not removed to reduce the 
chance of sample loss as this has the potential to create errors. 
The wet weights of the sample are taken immediately after the sample is divided to 
ensure they are recorded before any moisture loss to the air begins to occur.  
 
 
 
Figure 3.15: Mixing the sample thoroughly before dividing it into sub-samples  
 
 
Figure 3.16 below shows the sub-samples ready for testing with the sub-sample for 
the microwave method on the left and the standard oven method sub-sample on the 
right.  
The masses of both samples are recorded on the data collection form.  
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Figure 3.16: Sub-samples in their sample containers ready for testing  
 
 
TESTING  
The sub-samples were both tested according to their respective test methods listed in 
Section 3.5. For all samples tested in this study the microwaves were set at 60% 
resulting in a constant heating energy of 720 watts. This is able to be adjusted as the 
testing operators gain experience with the particular materials being tested however 
for the purpose of maintaining consistency amongst the testing this setting remained 
constant.  
The microwave dried sub-samples were all initially dried for a period of 3 minutes 
with all following drying periods being 1 minute each.  
As previously explained the samples dried using the microwave were allowed to cool 
for 1 minute after each drying cycle before weighing to ensure consistency across all 
tests conducted. The Australian Standard is vague in this area as it states to allow the 
sample container to cool until it is warm to touch before weighing. After some trial 
samples and with consultation with RMS laboratory staff it was decided to allow 
46 
 
samples to cool for 1 minute and then weigh them. Timers were used to ensure that 
the 1 minute cooling periods were consistent. This part of the testing process can be 
seen in Figure 3.17 below. 
An empty sample tin placed upside down on the balance as shown in Figure 3.18 was 
also used to ensure the balance remained unaffected by any heat from the samples.  
 
After being weighed samples were then immediately stirred gently and returned to the 
microwaves for another drying cycle. This was repeated as necessary. To comply with 
the Australian Standard the samples are dried until the difference in weight between 
the current and previous weights is less than 0.1% of the initial sample mass, in this 
case 0.15 grams. I was advised by laboratory staff that in their opinion to ensure that 
this was achieved it was best to continue until the difference was less than 0.1 grams 
as this took into account any limited performance of the balance.  
  
Figure 3.17: A sub-sample cooling before being weighed 
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Figure 3.18: Weighing a microwave dried sub-sample between heating cycles 
 
 
The oven samples had their tin numbers and tray names recorded to ensure that no 
samples were mixed up in the drying process. These trays were placed in the oven for 
approximately 24 hours. A tray of sub-samples ready to be placed in the oven is shown 
in Figure 3.19 below.  
It can also be seen in Figure 3.19 that the trays were lined in aluminium foil. This was 
done to ensure that there was no possibility that any material left in the tray from 
previous testing could get stuck to the sample containers as even a slight change in 
weight due to foreign material on the container would impact on the accuracy of the 
test results.  
Three trays of sub-samples being dried in the laboratory oven are shown in figure 3.20 
below.   
. 
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To ensure the samples were fully dried a random selection of samples were removed 
from the oven and weighed after the initial 24 hour drying period. These were then 
returned to the oven for a further 1 hour drying period. The weights were rechecked 
and if the difference in weights from the previous weighing were less than 0.1% of the 
initial wet material mass the samples were considered dry and all samples were 
weighed.  
 
The ovens used were laboratory drying ovens set as per the Australian Standards.  
 
 
 
Figure 3.19: A tray of sub-samples ready to be placed in the oven 
 
 
.  
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Figure 3.20: Trays of sub-samples being dried in the laboratory oven  
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3.9   Recording results  
 
The results of the tests were initially recorded on a data collection form that was 
developed for this project. This form includes spaces to record all necessary 
information for both sub-samples on the same form. This enabled a hard copy of all 
results for each sample to be kept. An example of the data collection form is included 
in Appendix E. Another reason for recording a hard copy of results was because it was 
easier to keep track of multiple samples drying at a time using multiple sheets, if this 
was to be entered directly into an electronic spreadsheet in the laboratory I believe 
there is a higher potential for errors to occur.  
The details recorded include: 
 Sample number  
 Microwave being used ( A or B) 
 Samples container numbers to ensure samples aren’t mixed up 
 Mass of empty sample containers for both sub-sample containers 
 Mass of sub-sample containers container wet material  
 Mass of the microwave sub-sample after every drying interval 
 Mass of both sub-samples when dried  
All of the details are transferred to the results spreadsheet when completed. The test 
data page of the spreadsheet requires sample container masses, the masses of sample 
containers when filled with wet material and the masses of sample containers with 
material when dried for both sub-samples. 
 The spreadsheet is set up to calculate moisture content from both methods based on 
these details. It also displays the difference between the methods as a percentage of 
the standard oven method. This assumes that the standard oven method results as being 
true as the standard oven method is accepted by industry as providing true and accurate 
results.  
There is also page within the spreadsheet that contains all of the extended results from 
the microwave test data. This includes the mass of the microwave sub-sample at the 
beginning of the test and after every drying interval. As two microwaves were used 
they were labelled microwave A and B at the beginning of testing. The microwave 
used for each sub-sample was recorded so that in the event of anomalies occurring in 
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the testing it can be traced back to see if there was a problem with a particular 
microwave. This may also be of interest to anyone who may wish to use the data 
collected for a future project.  
 
3.10 How results will be analysed  
 
The moisture content results for each sub-sample are calculated in accordance with 
the relevant Australian Standards for both the microwave drying method and standard 
oven method.  
The formula used to calculate the moisture content results for both methods is the same 
and is as follows: 
𝑤 =  
𝑚𝑏 − 𝑚𝑐
𝑚𝑐 − 𝑚𝑎
 𝑥 100 
 
Where:  w = moisture content of soil (%) 
  mb = mass of container and wet soil (grams) 
  mc = mass of container and dry soil (grams)  
  ma = mass of container (grams) 
 
After moisture content results are calculated the difference between the results from 
the two methods will be calculated as a percentage by subtracting the moisture content 
calculated from the microwave method from the results obtained from the standard 
oven method. An important point to take note of when assessing the difference 
between results is that a result with a negative value indicates that some amount of 
over drying has taken place.  In this study the microwave power setting will remain at 
60% (720 W) however if over drying occurs in a number of samples of a particular 
material it would be an indication that in future tests of that material a lower power 
setting may be more appropriate.  
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The results from the microwave oven will be correlated with the results from the 
standard oven method as required by the Australian Standards (Standards Australia 
1998). This method graphs the results of the sub-sample data on a single graph with 
each sample having one data point on the graph. The results from the standard oven 
method are plotted along the y-axis and the results of the microwave oven method 
plotted along the x-axis.  
Using linear regression analysis a line is plotted on the graph. The equation of this line 
is obtained by calculation and will be used to adjust the results from the microwave 
oven. 
The equations used to create the linear regression line from AS 1289.2.3.1-1998 are: 
𝑌 = 𝐴 + 𝐵𝑋  
 
Where:    𝐴 =  
∑𝑌∑𝑋2− ∑𝑋∑𝑋𝑌
𝑁∑𝑋2− (∑𝑋)2
 
 
    𝐵 =  
𝑁∑𝑋𝑌−∑𝑋∑𝑌
𝑁∑𝑋2− (∑𝑋)2
 
 
X = Moisture content from microwave method  
Y = Moisture content from standard method     
N = Number of samples 
   
The standard error estimate of the samples is required to calculate the 95% confidence 
limits. The lines are plotted at 2 times the standard error above and below the 
regression line. The equation used for this is: 
 
𝑆𝑌𝑋 =  √
[𝑁∑𝑋2 − (∑𝑋)2][𝑁∑𝑌2 − (∑𝑌)2] − [𝑁∑𝑋𝑌 − (∑𝑋∑𝑌)]2
[𝑁∑𝑋2 − (∑𝑋)2]𝑁(𝑁 − 2)
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The values of X, Y and N are the same as used in the regression equation.  
This will be compared against the uncorrected results from the microwave oven 
method to see how much of an effect this correlation method has on the difference 
between the results from the two methods.  
These equations were all implemented in the spreadsheet with hand calculations used 
to validate the results.  
 
3.11 Testing material properties 
 
The following tests were all performed by staff at the laboratory. I was in attendance 
to observe how the tests were performed but to ensure accurate results the tests were 
carried out by experienced staff.  
The materials used in the tested were all tested to obtain their liquid limit (LL), plastic 
limit (PL) and plasticity index (PI). 
The liquid limit was required to calculate the PI of each material as well as to ensure 
that the samples were mixed through the moisture range to the liquid limit of each 
material to obtain a comparison over the full range of possible moisture contents. Part 
of the testing of the liquid limit is shown in Figure 3.21 below.  
 
The plastic limit was required to calculate the PI of the material. The process of testing 
the plastic limit is demonstrated in Figure 3.22 below. The PI for each material was 
required to enable future comparisons of similar material.  
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Figure 3.21: Testing the liquid limit of materials 
 
 
Figure 3.22: Testing the plastic limit of materials 
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The fine-grained silty soil was also tested to analyse the silt fraction. This testing was 
performed to the requirements of RMS test method T107 and Australian Standard AS 
1141.19-1998 (Standards Australia 1998).  
Figure 3.23 below shows the sample in the stage of having the clay component poured 
off to enable calculation of the silt fraction. This test was performed by experienced 
laboratory staff to ensure accuracy.  
 
 
Figure 3.23: Testing the silt content of the fine-grained silty soil  
 
 
 
The material properties calculated are shown below in Table 3.2. The full results 
recorded in the laboratory are located in Appendix F. 
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MATERIAL  LIQUID LIMIT (%) PLASTICITY INDEX (%) 
Fine-grained silty soil 28 11  
Bentonite  207  172  
Kaolinite  57  29 
Illite  66  42 
Table 3.2: Material properties tested 
 
The breakdown of the composition of the fine-grained silty soil is listed below in Table 
3.3.  
 
Passing 2.36mm sieve (%) 100.0 
Passing 2.36mm sieve (%) 68.4 
Passing 2.36mm sieve (%) 46.8 
Passing 2.36mm sieve (%) 31.5 
Table 3.3: Fine-grained silty soil composition  
 
The full results from this test can be seen in Appendix F.  
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CHAPTER 4  
RESULTS AND DISCUSSION 
 
4.1   Introduction 
 
This chapter will present the results of all samples tested throughout this study to 
enable an accurate comparison of the two drying methods to be made. All groups of 
samples for each of the material mixes will be correlated as required by the Australian 
Standards to compare the effects that adjustment of the moisture content results from 
the microwave oven dried sub-samples has on the accuracy of the results compared to 
the unadjusted results and the results from the standard oven method. A copy of the 
spreadsheet containing all test results used to calculate the moisture contents is 
attached as Appendix G and the data used to perform correlations is attached as 
Appendix H. The data for the adjusted moisture content results by using the correlation 
values is attached as Appendix I. 
All of the extended mass data for the microwave testing is attached as Appendix J for 
possible future use.   
 
4.2   Fine-grained silty soil 
 
The fine-grained silty soil was tested using 12 samples ranging from its initial moisture 
content of 10.1% up to its just slightly above its liquid limit at a moisture content of 
28.5%.  
The results show a close comparison between the methods which can be seen in Figure 
4.1 below that is used to develop a correlation between the results of both methods.  
For the fine-grained silty soil the correlation equation obtained by linear regression 
analysis is: 
 
𝑦 = 0.19 + 1.005𝑥 
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The figures used for the correlation of each group of samples such as Figure 4.1 below 
all have the same key elements. The blue diamond’s represent the sample data. The 
blue dotted line down the centre is the linear regression line and the red lines are the 
95% confidence limits. Due to the formatting requirements of the thesis it was 
impractical to use a legend on each figure. 
  
 
Figure 4.1: Correlation of fine-grained silty soil results 
 
The results for the fine-grained silty soil show a maximum difference between the 
results of 0.66% which is quite close. The average difference across the results from 
this material is 0.38%.  Only 1 sample showed a result which was over-dried compared 
to the oven sample and even then it was only 0.48% higher moisture content than the 
oven result. 
Table 4.1 below shows that adjusting the results using the method given in the 
Australian Standards does reduce the average difference between the methods for the 
silt samples by approximately 0.18% to an average difference of 0.20%.  
 
SAMPLES 1-12 ABSOLUTE DIFFERENCE 
  Mean Std.dev 
Original Difference  0.38 0.18 
Adjusted Difference  0.20 0.22 
Table 4.1: Difference between results for fine-grained silty soil 
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4.3 Bentonite  
 
4.3.1   Samples 13-24: 20% Bentonite and 80% Fine-grained silty soil 
 
These samples generally correlated well with however the results are a little further 
apart than the pure fine-grained silty soil samples. The maximum difference in the 
moisture content calculated by the two methods was 1.22% with the average difference 
being 0.68% as seen in Table 4.2 below.  
Figure 4.2 shows the correlation of the two methods with the correlation equation 
obtained by linear regression analysis for this material is:  
 
𝑦 = 0.87 + 0.987𝑥 
 
 
Figure 4.2: Correlation of 20% Bentonite samples 
 
 
Table 4.2 below shows that the average difference between the two methods can be 
reduced by approximately 0.33% to an average difference of 0.35% by using the 
correlation equation to adjust the moisture content results from the microwave oven 
method.  
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Table 4.2: Difference between results for 20% Bentonite samples  
 
 
4.3.2   Samples 25-36: 40% Bentonite and 60% Fine-grained silty soil 
 
These samples generally correlated well with however the difference appears to be 
increasing as the Bentonite content of the sample increases. The maximum difference 
in the moisture content calculated by the two methods was 1.82% with the average 
difference being 0.90% as seen in Table 4.3 below.  
Figure 4.3 shows the correlation of the two methods with the correlation equation 
obtained by linear regression analysis for this material is:  
 
𝑦 = 0.40 + 1.024𝑥 
 
 
Figure 4.3: Correlation of 40% Bentonite samples 
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SAMPLES 13-24 ABSOLUTE DIFFERENCE 
 Mean 
Standard 
deviation 
Original Difference 0.68 0.34 
Adjusted Difference 0.35 0.27 
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Table 4.3 below shows that the average difference between the two methods can be 
reduced by approximately 0.55% to an average difference of 0.35% by using the 
correlation equation to adjust the moisture content results from the microwave oven 
method. This is provided significantly closer results to those that would be achieved 
by using the standard oven method. 
 
SAMPLES 25-36 ABSOLUTE DIFFERENCE 
  Mean Std.dev 
Original Difference  0.90 0.48 
Adjusted Difference  0.35 0.28 
Table 4.3: Difference between results for 40% Bentonite samples 
 
 
 
4.3.3   Samples 37-48: 60% Bentonite and 40% Fine-grained silty soil 
 
These samples generally correlated well and the average difference appears to be 
decreasing from the difference between the methods in the 40% Bentonite mix. The 
maximum difference in the moisture content calculated by the two methods was 2.30% 
however this could arguably be considered an outlier as the next highest difference for 
this mix is 1.25% with the average difference being 0.67% as seen in Table 4.4 below.  
Figure 4.4 shows the correlation of the two methods with the correlation equation 
obtained by linear regression analysis for this material is:  
 
𝑦 = −0.92 + 1.072𝑥 
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Figure 4.4: Correlation of 60% Bentonite samples 
 
Table 4.4 below shows that the average difference between the two methods can be 
reduced by approximately 0.26% to an average difference of 0.41% by using the 
correlation equation to adjust the moisture content results from the microwave oven 
method.  
 
SAMPLES 37-48 ABSOLUTE DIFFERENCE 
  Mean Std.dev 
Original Difference  0.67 0.64 
Adjusted Difference  0.41 0.38 
Table 4.4: Difference between results for 60% Bentonite samples 
 
4.3.4   Samples 49-60: 80% Bentonite and 20% Fine-grained silty soil 
 
These samples generally correlated well and the average difference appears to be 
decreasing from the difference between the methods in the 60% Bentonite mix. The 
maximum difference in the moisture content calculated by the two methods was 1.55% 
with an average difference of 0.55% as seen in Table 4.5 below.  
Figure 4.5 shows the correlation of the two methods with the correlation equation 
obtained by linear regression analysis for this material is:  
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𝑦 = −0.27 + 1.037𝑥 
 
 
Figure 4.5: Correlation of 80% Bentonite samples 
 
Table 4.5 below shows that the average difference between the two methods can be 
reduced by approximately 0.18% to an average difference of 0.37% by using the 
correlation equation to adjust the moisture content results from the microwave oven 
method.  
 
SAMPLES 49-60 ABSOLUTE DIFFERENCE 
  Mean Std.dev 
Original Difference  0.55 0.51 
Adjusted Difference  0.37 0.28 
Table 4.5: Difference between results for 80% Bentonite samples 
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4.3.5   Samples 61-72: 100% Bentonite up to 30% moisture content  
 
These samples generally correlated well and the average difference has decreased from 
the difference between the methods in the 80% Bentonite mix. The maximum 
difference in the moisture content calculated by the two methods was 0.57% with an 
average difference of 0.20% as seen in Table 4.6 below.  
It is important to note that 9 out of the 12 samples in this group of samples had results 
from the microwave method that gave higher moisture contents that the results from 
the standard method. This indicates that some over-drying has occurred in 75% of the 
samples contained in this group although only a slight over-drying occurred with 
relatively small differences from the results of the standard method. For any further 
testing of this material it would be advisable to try a lower power setting on the 
microwave.  
Figure 4.6 shows the correlation of the two methods with the correlation equation 
obtained by linear regression analysis for this material is:  
𝑦 = −0.40 + 1.013𝑥 
 
 
 
Figure 4.6: Correlation of 100% Bentonite samples up to 30% moisture content 
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Table 4.6 below shows that the average difference between the two methods is only 
reduced by approximately 0.03% to an average difference of 0.17% by using the 
correlation equation to adjust the moisture content results from the microwave oven 
method.  
 
SAMPLES 61-72 ABSOLUTE DIFFERENCE 
  Mean Std.dev 
Original Difference  0.20 0.15 
Adjusted Difference  0.17 0.13 
Table 4.6: Difference between results for 100% Bentonite samples 
 
 
4.3.6   100% Bentonite 35% to 110% moisture content  
 
These correlation with between the methods for these higher moisture contents appear 
to be acceptable although and the average difference has increased by approximately 
1% from the difference between the methods in the 100% Bentonite mix at lower 
moisture contents. The maximum difference in the moisture content calculated by the 
two methods was 2.78% with an average difference of 1.21% as seen in Table 4.7 
below.  
It is important to note that 6 out of the 15 samples in this group of samples had results 
from the microwave method that gave higher moisture contents that the results from 
the standard method. This indicates that some over-drying has occurred in 
approximately 40% of the samples contained in this group although only a slight over-
drying occurred with relatively small differences from the results of the standard 
method. For any further testing of this material it would be advisable to try a lower 
power setting on the microwave.  
Figure 4.7 shows the correlation of the two methods with the correlation equation 
obtained by linear regression analysis for this material is:  
 
𝑦 = 0.73 + 0.996𝑥 
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Figure 4.7: Correlation of 100% Bentonite samples from 30% to 110% moisture content 
 
Table 4.7 below shows that the average difference between the two methods is not 
reduced by using the correlation equation to adjust the moisture content results from 
the microwave oven method with the average difference remaining at 1.21%.  
 
BENTONITE  35%-110% ABSOLUTE 
DIFFERENCE 
  Mean Std.dev 
Original Difference  1.21 0.83 
Adjusted Difference  1.21 0.71 
Table 4.7: Difference between results for 100% Bentonite samples from 30% to 110% 
moisture content  
 
 
4.3.7   100% Bentonite 115% to 260% moisture content  
 
These correlation with between the methods for these higher moisture contents appear 
to be unacceptable with the average difference between the results from the two 
methods increasing to 5.14%. This is an increase of approximately 4% from the 
difference between the methods in the 100% Bentonite mix at moisture contents from 
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30% to 115%. The maximum difference in the moisture content calculated by the two 
methods was 11.87% with an average difference of 5.14% as seen in Table 4.8 below.  
Figure 4.8 below shows a clearer picture on how the accuracy of the results between 
the two methods varies across the moisture ranges tested for the Bentonite samples. It 
clearly shows that at moisture contents above 110% the difference between the 
methods becomes more unpredictable and is unsatisfactory. 
 
 
Figure 4.8: Difference between the results from both methods for Bentonite samples across 
entire moisture range tested  
 
The level of over-drying in the Bentonite samples appears to be decreasing at the 
higher moisture contents as only 13.8% of the samples in this group showed that over-
drying had occurred.  
Given the significant difference between the results it would not be recommended to 
use microwave drying for samples of Bentonite at moisture contents in the range of 
115% to 260%. However the correlation of the results was still carried out to see how 
well the results could be adjusted using the correlation method. 
Figure 4.9 shows the correlation of the two methods with the correlation equation 
obtained by linear regression analysis for this material is:  
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𝑦 = 4.90 + 0.999𝑥 
 
 
Figure 4.9: Correlation of 100% Bentonite samples from 115% to 260% moisture content 
 
Table 4.8 below shows that the average difference between the two methods is reduced 
by approximately 2% using the correlation equation to adjust the moisture content 
results from the microwave oven method with an average difference of 3.07% after 
adjustment has occurred. This shows that a significant level of difference still exists 
amongst these samples even after the correlation adjustment. There is also a relatively 
high standard deviation of 2.24% compared to the other mixes tested. For this reason 
I would recommend that the microwave method appears to not be suitable for moisture 
contents above 110%.  
 
BENTONITE  115%-260% ABSOLUTE 
DIFFERENCE 
  Mean Std.dev 
Original Difference  5.14 3.15 
Adjusted Difference  3.07 2.24 
Table 4.8: Difference between results for 100% Bentonite samples from 115% to 260% 
moisture content  
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4.4   Kaolinite  
 
4.4.1   Samples 85-96: 20% Kaolinite and 80% Fine-grained silty soil 
 
These samples appear very well correlated. The maximum difference in the moisture 
content calculated by the two methods was 1.01% with the average difference being 
0.34% as seen in Table 4.9 below.  
Figure 4.10 shows the correlation of the two methods with the correlation equation 
obtained by linear regression analysis for this material is:  
 
𝑦 = 0.11 + 1.012𝑥 
 
 
 
Figure 4.10: Correlation of 20% Kaolinite samples 
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Table 4.9 below shows that the average difference between the two methods can be 
reduced by approximately 0.19% to an average difference of 0.15% by using the 
correlation equation to adjust the moisture content results from the microwave oven 
method.  
 
SAMPLES 85-96 ABSOLUTE DIFFERENCE 
  Mean Std.dev 
Original Difference  0.34 0.25 
Adjusted Difference 0.15 0.18 
Table 4.9: Difference between results for 20% Kaolinite samples 
 
 
 
 
 
 
4.4.2   Samples 97-108: 40% Kaolinite and 60% Fine-grained silty soil 
 
 
These samples appear very well correlated. The maximum difference in the moisture 
content calculated by the two methods was 0.96% with the average difference being 
0.45% as seen in Table 4.10 below.  
Figure 4.11 shows the correlation of the two methods with the correlation equation 
obtained by linear regression analysis for this material is:  
 
𝑦 = 0.31 + 1.008𝑥 
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Figure 4.11: Correlation of 40% Kaolinite 
 
 
Table 4.10 below shows that the average difference between the two methods can be 
reduced by approximately 0.26% to an average difference of 0.19% by using the 
correlation equation to adjust the moisture content results from the microwave oven 
method.  
 
SAMPLES 97-108 ABSOLUTE DIFFERENCE 
  Mean Std.dev 
Original Difference  0.45 0.25 
Adjusted Difference  0.19 0.14 
Table 4.10: Difference between results for 40% Kaolinite samples 
 
 
4.4.3   Samples 109-120: 60% Kaolinite and 40% Fine-grained silty soil 
 
These samples appear well correlated. The maximum difference in the moisture 
content calculated by the two methods was 0.56% with the average difference being 
0.25% as seen in Table 4.11 below.  
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Figure 4.12 shows the correlation of the two methods with the correlation equation 
obtained by linear regression analysis for this material is:  
 
𝑦 = 0.17 + 0.997𝑥 
 
 
 
Figure 4.12: Correlation of 60% Kaolinite 
 
Table 4.11 below shows that the average difference between the two methods is only 
reduced by approximately 0.02% to an average difference of 0.23% by using the 
correlation equation to adjust the moisture content results from the microwave oven 
method. Although the difference is virtually not reduced using this method for this 
material it is a relatively low average difference when compared with other materials.   
 
SAMPLES 109-120 ABSOLUTE DIFFERENCE 
  Mean Std.dev 
Original Difference  0.25 0.18 
Adjusted Difference  0.23 0.17 
Table 4.11: Difference between results for 60% Kaolinite samples 
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4.4.4   Samples 121-132: 80% Kaolinite and 20% Fine-grained silty soil 
 
These samples appear reasonably well correlated. The maximum difference in the 
moisture content calculated by the two methods was 0.80% with the average difference 
being 0.31% as seen in Table 4.12 below.  
Figure 4.13 shows the correlation of the two methods with the correlation equation 
obtained by linear regression analysis for this material is:  
 
𝑦 = −0.37 + 1.019𝑥 
 
 
 
Figure 4.13: Correlation of 80% Kaolinite 
 
Table 4.12 below shows that the average difference between the two methods is again 
only reduced by approximately 0.02% to an average difference of 0.29% by using the 
correlation equation to adjust the moisture content results from the microwave oven 
method. Although the difference is virtually not reduced using this method for this 
material it is a relatively low average difference when compared with other materials.   
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It should also be noted that approximately 42% of the samples within this group 
showed some signs of over-drying. This was only slight however it may be worth 
considering using a lower power setting if this material is to be tested using the 
microwave method.  
 
SAMPLES 121-132 ABSOLUTE DIFFERENCE 
  Mean Std.dev 
Original Difference  0.31 0.28 
Adjusted Difference  0.29 0.26 
Table 4.12: Difference between results for 80% Kaolinite samples 
 
 
 
 
4.4.5   Samples 133-144: 100% Kaolinite up to 30% moisture content  
 
These samples appear well correlated. The maximum difference in the moisture 
content calculated by the two methods was 0.92% with the average difference being 
0.31% as seen in Table 4.13 below.  
Figure 4.14 shows the correlation of the two methods with the correlation equation 
obtained by linear regression analysis for this material is:  
 
𝑦 = −0.50 + 1.021𝑥 
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Figure 4.14: Correlation of 100% Kaolinite up to 30% moisture content 
 
 
Table 4.13 below shows that the average difference between the two methods is again 
only reduced by approximately 0.02% to an average difference of 0.29% by using the 
correlation equation to adjust the moisture content results from the microwave oven 
method. Although the difference is virtually not reduced using this method for this 
material it is a relatively low average difference when compared with other materials.   
It should also be noted that approximately 50% of the samples within this group 
showed some signs of over-drying. This was only slight however it may be worth 
considering using a lower power setting if this material is to be tested using the 
microwave method.  
 
SAMPLES 133-144 ABSOLUTE DIFFERENCE 
  Mean Std.dev 
Original Difference  0.31 0.27 
Adjusted Difference  0.29 0.16 
Table 4.13: Difference between results for 100% Kaolinite samples up to 30% moisture 
content 
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4.4.6   100% Kaolinite 2% to 65% moisture content   
 
These samples appear very well correlated. The maximum difference in the moisture 
content calculated by the two methods was 0.92% with the average difference being 
0.32% as seen in Table 4.14 below.  
Figure 4.15 shows the correlation of the two methods with the correlation equation 
obtained by linear regression analysis for this material is:  
 
𝑦 = −0.44 + 1.016𝑥 
 
 
 
Figure 4.15: Correlation of 100% Kaolinite from 2% to 65% moisture content 
 
Table 4.14 below shows that the average difference between the two methods is only 
reduced by approximately 0.08% to an average difference of 0.24% by using the 
correlation equation to adjust the moisture content results from the microwave oven 
method. Although the difference is virtually not reduced using this method for this 
material it is a relatively low average difference when compared with other materials.   
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KAOLINITE  2%-65% ABSOLUTE 
DIFFERENCE 
  Mean Std.dev 
Original Difference  0.32 0.26 
Adjusted Difference  0.24 0.17 
Table 4.14: Difference between results for 100% Kaolinite samples from 2% to 65% 
moisture content 
 
 
 
 
4.5   Illite  
4.5.1   Samples 157-168: 20% Illite and 80% Fine-grained silty soil 
 
These samples appear very well correlated. The maximum difference in the moisture 
content calculated by the two methods was 0.80% with the average difference being 
0.53% as seen in Table 4.15 below.  
Figure 4.16 shows the correlation of the two methods with the correlation equation 
obtained by linear regression analysis for this material is:  
 
𝑦 = 0.61 + 0.996𝑥 
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Figure 4.16: Correlation of 20% Illite samples 
 
Table 4.15 below shows that the average difference between the two methods can be 
reduced by approximately 0.36% to an average difference of 0.17% by using the 
correlation equation to adjust the moisture content results from the microwave oven 
method. This provides a significant reduction in the difference between the two 
methods.   
 
 
SAMPLES 157-168 ABSOLUTE DIFFERENCE 
  Mean Std.dev 
Original Difference  0.53 0.22 
Adjusted Difference  0.17 0.13 
Table 4.15: Difference between results for 20% Illite samples 
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4.5.2   Samples 169-180: 40% Illite and 60% Fine-grained silty soil 
 
These samples appear very well correlated. The maximum difference in the moisture 
content calculated by the two methods was 0.72% with the average difference being 
0.27% as seen in Table 4.16 below.  
Figure 4.17 shows the correlation of the two methods with the correlation equation 
obtained by linear regression analysis for this material is:  
 
𝑦 = 0.10 + 1.008𝑥 
 
 
 
Figure 4.17: Correlation of 40% Illite samples 
 
Table 4.16 below shows that the average difference between the two methods can be 
reduced by approximately 0.1% to an average difference of 0.17% by using the 
correlation equation to adjust the moisture content results from the microwave oven 
method.  
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SAMPLES 169-180 ABSOLUTE DIFFERENCE 
  Mean Std.dev 
Original Difference  0.27 0.21 
Adjusted Difference  0.17 0.15 
Table 4.16: Difference between results for 40% Illite samples 
 
4.5.3   Samples 181-192: 60% Illite and 40% Fine-grained silty soil 
 
These samples appear well correlated. The maximum difference in the moisture 
content calculated by the two methods was 1.03% with the average difference being 
0.43% as seen in Table 4.17 below.  
Figure 4.18 shows the correlation of the two methods with the correlation equation 
obtained by linear regression analysis for this material is:  
 
𝑦 = 0.08 + 1.015𝑥 
 
 
 
Figure 4.18: Correlation of 60% Illite samples 
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Table 4.17 below shows that the average difference between the two methods can be 
reduced by approximately 0.12% to an average difference of 0.31% by using the 
correlation equation to adjust the moisture content results from the microwave oven 
method.  
 
 
SAMPLES 181-192 ABSOLUTE DIFFERENCE 
  Mean Std.dev 
Original Difference  0.43 0.34 
Adjusted Difference  0.31 0.27 
Table 4.17: Difference between results for 60% Illite samples 
 
 
 
 
 
 
 
 
 
4.5.4   Samples 193-204: 80% Illite and 20% Fine-grained silty soil 
 
These samples appear well correlated. The maximum difference in the moisture 
content calculated by the two methods was 0.95% with the average difference being 
0.29% as seen in Table 4.18 below.  
Figure 4.19 shows the correlation of the two methods with the correlation equation 
obtained by linear regression analysis for this material is:  
 
𝑦 = −0.07 + 1.018𝑥 
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Figure 4.19: Correlation of 80% Illite samples 
 
Table 4.18 below shows that the average difference between the two methods can be 
reduced by approximately 0.08% to an average difference of 0.21% by using the 
correlation equation to adjust the moisture content results from the microwave oven 
method.  
 
 
SAMPLES 193-204 ABSOLUTE DIFFERENCE 
  Mean Std.dev 
Original Difference  0.29 0.30 
Adjusted Difference  0.21 0.21 
Table 4.18: Difference between results for 80% Illite samples 
 
 
4.5.5   Samples 205-216: 100% Illite 
 
These samples appear well correlated. The maximum difference in the moisture 
content calculated by the two methods was 0.78% with the average difference being 
0.32% as seen in Table 4.19 below.  
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Figure 4.20 shows the correlation of the two methods with the correlation equation 
obtained by linear regression analysis for this material is:  
 
𝑦 = 0.03 + 1.016𝑥 
 
 
 
Figure 4.20: Correlation of 100% Illite samples 
 
Table 4.19 below shows that the average difference between the two methods can be 
reduced by approximately 0.17% to an average difference of 0.15% by using the 
correlation equation to adjust the moisture content results from the microwave oven 
method. A reasonably significant reduction considering the difference is less than half 
of the original difference even though the original difference was already quite small 
in comparison to the differences observed in other materials tested. 
 
SAMPLES 205-216 ABSOLUTE DIFFERENCE 
  Mean Std.dev 
Original Difference  0.32 0.24 
Adjusted Difference  0.15 0.12 
Table 4.19: Difference between results for 100% Illite samples 
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Due to limited Illite material only 1 sample was able to be tested at a higher moisture 
content. This was mixed and tested at a moisture content 63.7% which is slightly less 
than the materials liquid limit of 66%. At this moisture content the results from both 
methods were within 0.26%. Due to the close correlation of the other Illite samples it 
is fair to conclude that Illite is suitable for testing up to its liquid limit using the 
microwave drying method.   
 
4.6   Comparison of all clay and fine-grained silty soil samples up to          
30% moisture content  
 
Although the correlation of these samples together would not be used in reality as the 
samples for each mix tested would be more accurately correlated individually it is 
worthwhile looking at how well all of the samples correlate up to a moisture content 
of 30%. This can be seen in Figure 4.21 below.  
Table 4.20 also gives an insight into how well the two methods correlate in relation to 
the difference between the methods. It is impressive that over 98% of all samples 
tested over this range had less than 1.5% difference. 
  
Percentage of samples  
 <0.5% difference = 67.5 
Percentage of samples  
 <1% difference = 91.1 
Percentage of samples  
 <1.25% difference = 97.4 
Percentage of samples  
 <1.5% difference = 98.4 
Table 4.20:  Differences between results of all fine-grained silty soils and clay samples 
tested up to 30% moisture content   
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Figure 4.21: Correlation of all fine-grained silty soil and clay samples tested up to 30% 
moisture content  
 
 
 
 
4.7   Peat moss (organic material) 
4.7.1   Samples 251-262: 5% Peat moss and 95% Fine-grained silty soil 
 
These samples appear well correlated. The maximum difference in the moisture 
content calculated by the two methods was 1.37 % with the average difference being 
0.38% as seen in Table 4.21 below.  
Figure 4.22 shows the correlation of the two methods with the correlation equation 
obtained by linear regression analysis for this material is:  
 
𝑦 = 0.32 + 0.999𝑥 
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Figure 4.22: Correlation of 5% Peat moss samples 
 
Table 4.21 below shows that the average difference between the two methods can be 
reduced by approximately 0.14% to an average difference of 0.24% by using the 
correlation equation to adjust the moisture content results from the microwave oven 
method. 
 
 
 
SAMPLES 251-262 ABSOLUTE DIFFERENCE 
  Mean Std.dev 
Original Difference  0.38 0.33 
Adjusted Difference  0.24 0.32 
Table 4.21: Difference between results for 5% Peat moss samples 
 
 
4.7.2   Samples 263-274: 10% Peat moss and 90% Fine-grained silty soil 
 
These samples appear to be adequately correlated. The maximum difference in the 
moisture content calculated by the two methods was 2.19 % with the average 
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difference being 1.05% as seen in Table 4.22 below. I believe this difference is 
acceptable however it is getting towards the limit of acceptability.   
Figure 4.23 shows the correlation of the two methods with the correlation equation 
obtained by linear regression analysis for this material is:  
 
𝑦 = 1.98 + 0.977𝑥 
 
 
Figure 4.23: Correlation of 10% Peat moss samples 
 
Table 4.22 below shows that the average difference between the two methods can be 
reduced by approximately 0.58% to an average difference of 0.47% by using the 
correlation equation to adjust the moisture content results from the microwave oven 
method. This is a significant reduction in the difference between the two methods. 
 
SAMPLES 263-274 ABSOLUTE DIFFERENCE 
  Mean Std.dev 
Original Difference  1.05 0.65 
Adjusted Difference  0.47 0.37 
Table 4.22: Difference between results for 10% Peat moss samples 
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Figure 4.24 below shows that the difference in results between the two methods when 
testing samples containing peat moss at ratios greater than 10% significantly 
increased. Initially 3 samples were tested from each mix at their lowest, middle and 
highest moisture content. Due to the significant difference in the results shown for 
samples containing 20% and 40% peat moss a further tests were not required as the 
differences were too great for the microwave method to be successfully used with this 
material.   
 
 
Figure 4.24: Difference between the results from both methods for peat moss samples across 
entire moisture range for mix ratios tested 
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CHAPTER 5  
CONCLUSIONS 
 
5.1   Introduction 
 
This chapter will cover the conclusions that have been reached by analysing the results 
of the results presented in chapter 4. The conclusions have been separated into material 
time and a general conclusion section will summarise some of the other conclusions 
obtained through the testing program. The final section will list some potential areas 
of further research to follow on from this research project.  
 
5.2   Fine-grained silty soil  
 
The results of the fine-grained silty soil samples tested across the moisture range from 
10% to just above the materials liquid limit at 28.5% showed a strong correlation 
between the microwave method and the standard oven method with minimal 
differences between the two methods. The average difference between the two 
methods across the 12 samples tested was 0.38%. This difference is further reduced to 
just 0.20% using the correlation method.  
I would recommend that the microwave drying method is suitable for use on fine-
grained silty soils at moisture contents from 10.1% up to 28.5% which is just slightly 
above the materials liquid limit of 28%.   
 
5.3   Bentonite  
5.3.1   Bentonite and fine-grained silty soil mixes 
 
The results of the Bentonite samples mixed with fine-grained silty soils at ratios of 
20%, 40%, 60% and 80% all showed a strong correlation between the microwave 
drying method and the standard oven method at moisture contents up to 30%. The 
highest mean difference of 0.90% occurred across the 12 samples that contained 40% 
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Bentonite and 60% fine-grained silty soil. The mean differences between the methods 
were able to be reduced using the correlation method across all mixes in this range.    
I would recommend that the microwave drying method is suitable for use on mixed 
materials containing Bentonite and fine-grained silty soils at all mix ratios up to a 
moisture content of 30%.  
5.3.2   100% Bentonite 
 
The samples containing 100% Bentonite were well correlated at moisture contents of 
16% through to 30% with and average difference between the microwave method and 
the standard oven method of just 0.20% which was able to be slightly reduced to 0.17% 
through the use of the correlation method. 
The difference increased in samples tested within the moisture range of 35% to 110%. 
The average difference between the two methods in this moisture content range was 
1.21% which was not able to be reduced using the correlation method. This difference 
should still be within acceptable limits for most purposes. 
At moisture contents above 110% the results became erratic. The average difference 
between the results from the microwave method and the standard oven method 
increased to 5.14%. This was able to be reduced to 3.07% using the correlation method 
however this difference would be outside of the acceptable range for most purposes.  
I would recommend that the microwave drying method is suitable for use with 
Bentonite samples up to a moisture content of 110%.  
I would recommend that the microwave drying method is unsuitable for Bentonite 
samples at moisture contents above 110%.  
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5.4   Kaolinite  
 
5.4.1   Kaolinite and fine-grained silty soil mixes 
 
The results of the Kaolinite samples mixed with fine-grained silty soils at ratios of 
20%, 40%, 60% and 80% all showed a strong correlation between the microwave 
drying method and the standard oven method at moisture contents up to 30%. The 
highest mean difference of 0.45% occurred across the 12 samples that contained 40% 
Kaolinite and 60% fine-grained silty soil. The mean differences between the methods 
were able to be reduced using the correlation method across all mixes in this range 
however the level of reduction that was able to be achieved reduced as the Kaolinite 
content of the samples increased.    
I would recommend that the microwave drying method is suitable for use on mixed 
materials containing Kaolinite and fine-grained silty soils at all mix ratios up to a 
moisture content of 30%.  
 
5.4.2   100% Kaolinite 
 
The 100% Kaolinite samples were tested at a moisture range of 2% up to slightly above 
the liquid limit to a maximum of 65%. Across this range the Kaolinite showed a very 
strong correlation between the microwave drying and standard oven methods with an 
average difference between the results obtained of 0.32%. This was able to be reduced 
to a difference of 0.24% using the correlation method. 
I would recommend that the microwave drying method is suitable for use with 
Kaolinite and samples with a moisture content of 2% up to 65% which is actually 
above its liquid limit of 57%. 
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5.5   Illite  
 
The results of the Illite samples mixed with fine-grained silty soils at ratios of 20%, 
40%, 60% and 80% all showed a very strong correlation between the microwave 
drying method and the standard oven method at moisture contents up to 30%. The 
highest mean difference of 0.53% occurred across the 12 samples that contained 20% 
Illite and 80% fine-grained silty soil. The mean differences between the methods were 
able to be reduced using the correlation method across all samples tested containing 
Illite.  
I would recommend that the microwave drying method is suitable for use on mixed 
materials containing Illite and fine-grained silty soils at all mix ratios up to a moisture 
content of 30%.  
I would also recommend that the microwave drying method is suitable for use with 
100% Illite sample at moisture contents from 5% up to 63.5% which is slightly below 
the materials liquid limit of 66.0%.  
 
5.6   Peat moss 
 
Samples tested containing peat moss to compare the effects organic matter has on the 
use of the microwave method showed a good correlation between the methods for 
samples containing 5% peat moss and 95% fine-grained silty soil with an average 
difference between the two methods of 0.38% across a moisture range of 17.5% up to 
48.5%. This average difference was able to be reduced to 0.24% through the use of 
the correlation method.  
The average difference increased to 1.05% when the peat moss content was increased 
to 10%. This was able to be reduced to 0.47% using the correlation method. These 
results were still within a range that should be acceptable for most purposes. 
When the peat moss content was increased to 20% and 40% the difference increased 
to above 5% with a maximum difference of 26%.  
It is important to remember that these tests were conducted on the basis that the tests 
were performed in the same manner as the soils and clays to see what effect organic 
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content would have on the ability to perform soils tests. It may be possible to test peat 
moss in higher amounts if using a specialised test procedure however for the purposes 
of testing soils with unknown organic content the test results should still be acceptable 
with organic contents up to 10%. Given that the literature review found that organic 
contents of 2%-6% are encountered in agricultural plots it is unlikely that organic 
contents above 10% would be encountered in the construction industry where soil 
moisture content is required to be tested.  
I would recommend that the microwave drying method is suitable for use on mixed 
materials containing peat moss and fine-grained silty soils at mix ratios up to 10% peat 
moss content at moisture contents up to 58.0% 
I recommend that for soils containing organic material in proportions greater than 10% 
that the use of the microwave drying is unsuitable. 
 
5.7   General conclusions  
 
In general the microwave oven drying method produced results that were very close 
the true results produced by the standard oven method using 150 gram samples. The 
only samples that produced results outside of the acceptable range were Bentonite 
samples above 110% moisture content and soil samples containing more than 10% 
peat moss (organic material).  
The difference between the correlation equations for each of the mixes tested proves 
the importance of conducting a correlation for each material required to be tested using 
this method.   
It was noted through the experience of conducting the tests that the microwave method 
whilst returning faster results, was considerably more labour intensive than the 
standard oven method.  
The microwave oven method provides results in a substantially faster time period 
when testing suitable materials which provides a significant advantage when rapid test 
results are required, however the labour intensive nature of the method means that it 
is not a method that could be used to replace the standard oven method for general 
moisture content testing.   
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5.8   Achievement of objectives   
 
The aims and objectives specified in Appendix A for this research project were 
completed as follows: 
1. Research the background information relating to the drying of, and moisture 
determination of soil samples. 
 
2. Evaluate the current use of microwave ovens in this process. 
 
3. Identify an appropriate testing procedure to compare the correlation of results 
achieved using a microwave oven to that of the results from the use of an 
industry standard convection oven. 
 
 Objectives 1, 2 and 3 were all met through the literature review 
covered in Chapter 2  
 The test methods chosen for the study were covered in both Chapter 2 
and in more detail in Chapter 3 
 
4. Study the effects of fine grained content (silt and clay), percentage of 
different types of clay minerals (Kaolinite, Illite and Montmorillonite) and 
organic content has on the correlation between the drying methods.. 
 
 This objective was met through the testing program outlined in 
Chapter 3 
 The results of the testing program were presented in Chapter 4 and 
included a thorough comparison of the drying methods for the 
materials outlined in the objective  
 Chapter 5 summarises the conclusions of the comparisons required to 
satisfy this objective 
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5. Identify the limitations of use of microwave oven drying techniques for soil 
samples. 
 
 This objective was fulfilled through the analysis of results in Chapter 
4 which are summarised in Chapter 5 
 The limitations found include: 
 Not suitable for use with Bentonite (Montmorillonite) at moisture 
contents above 110% 
 Not suitable for use with soils containing more that 10% organic 
material  
 
Extra objective for if time permitted:  
 
6. Compare the effect sample size has on time taken to test soils samples using 
microwave ovens. 
 
 Due to the significant amount of testing that was required to fulfil the 
main objectives of this project it was decided to leave the comparison 
of the effects of sample size for future work that could be carried out 
to follow on from this project 
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5.9   Further work 
 
This project leaves could lead on to a number of other areas of research for future 
research projects. Possible future research could include: 
 Compare the effects different sample sizes have on the accuracy and time 
taken to complete moisture content tests using the microwave method 
 Study the curing times required for different materials. In this study a 
minimum period of 24 hours was used for materials under 30% moisture 
content, with those at higher moisture contents being cured for 7 days. A 
study into the minimum times required for different materials at different 
moisture contents would be useful to clarify the minimum curing times 
actually required 
 Comparison of the microwave oven method and the standard oven method 
for materials containing sands and fine aggregates 
 Comparison of the microwave oven method and the standard oven method 
for real world soil samples. This study covered materials mixed in set ratios 
within the laboratory. Comparison of the methods testing soil samples that 
are likely to be encountered by laboratories in the construction industry 
would provide further insight into the applicability of the method in the civil 
engineering industry  
 Comparing different microwave power settings for materials used in this 
study to identify the most applicable power setting for different types of 
materials. As the test methods and standards leave it up to the operator to 
decide on power settings it would be very beneficial if guidelines could be 
developed to assist testing operators to decide on the most appropriate power 
setting 
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University of Southern Queensland 
FACULTY OF ENGINEERING AND SURVEYING  
ENG 4111/4112 Research Project 
PROJECT SPECIFICATION  
 
 
 
FOR:   ADAM CORMICK 
TOPIC: COMPARING DIFFERENT HEATING METHODS FOR 
DETERMINATION OF MOISTURE CONTENT IN SOILS 
SUPERVISOR:  Dr. Kazem Ghabraie  
PROJECT AIM: To compare the correlation between the results achieved when 
drying soil samples with a microwave oven compared to using 
a convection oven, define limitations of using microwave 
ovens, study a number types of soil to identify suitable soil 
types and study the effect organic matter has on their use.  
PROGRAMME:   Issue A, 18th March 2015 
1. Research the background information relating to the drying of, and moisture 
determination of soil samples. 
2. Evaluate the current use of microwave ovens in this process. 
3. Identify an appropriate testing procedure to compare the correlation of results 
achieved using a microwave oven to that of the results from the use of an industry 
standard convection oven. 
4. Study the effects of fine grained content (silt and clay) , percentage of different 
types of clay minerals (Kaolinite, Illite and Montmorillonite) and organic content 
has on the correlation between the drying methods. 
5. Identify the limitations of use of microwave oven drying techniques for soil 
samples. 
As time permits: 
6. Compare the effect sample size has on time taken to test soils samples using 
microwave ovens. 
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Appendix B: Sample composition spreadsheet  
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Moisture Content of material    
     
Sample Number  1 
Dish Number 45 
     
Mass of Container in grams (Ma) 58.7 
Mass of Container and Wet soil in grams (Mb) 385.7 
Mass of Container and Dry soil in grams (Mc) 355.67 
     
Moisture Content (%)  10.1 
     
SILTY SOIL SAMPLES ARE SAMPLES 1-12 ON BENTONITE SHEET 
 
 
 
 
 
 
Moisture Content of material   BENTONITE    
    (1)  (2)   
Sample Number  2     
Dish Number S201     
     Extra clay needed  
Mass of Container in grams (Ma) 65.49  64.68   
Mass of Container and Wet soil in 
grams (Mb) 324.32  
392.5
9   
Mass of Container and Dry soil in 
grams (Mc) 288.6  
346.1
8   
         
Moisture Content of Clay (%)  16.0  16.5   
         
Moisture Content of Silt mix (%) 10.1     
         
Sample Composition       
         
Sample size (grams)  150     
         
Maximum moisture for each mix to be determined and added manually  
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 Dry Material (g) 
Clay (%) 0 0    
Silt (%)  100 150    
  Contents of Sub-Sample  Contents of Sample 
Sample 
Numbe
r  
Moisture 
Content 
(%) 
Wet 
Clay 
(g) 
Wet 
Silt 
(g) 
Water 
(g) 
Sample 
Mass 
(g) 
Wet 
Clay 
(g) 
Wet 
Silt (g) 
Water 
(g) 
1 10.1 0.0 165.2 0.0 165.2 0.0 330.3 0.0 
2 11.9 0.0 165.2 2.7 167.9 0.0 330.3 5.4 
3 13.7 0.0 165.2 5.4 170.6 0.0 330.3 10.8 
4 15.5 0.0 165.2 8.1 173.3 0.0 330.3 16.3 
5 17.3 0.0 165.2 10.8 176.0 0.0 330.3 21.7 
6 19.2 0.0 165.2 13.6 178.7 0.0 330.3 27.1 
7 21.0 0.0 165.2 16.3 181.4 0.0 330.3 32.5 
8 22.8 0.0 165.2 19.0 184.2 0.0 330.3 38.0 
9 24.6 0.0 165.2 21.7 186.9 0.0 330.3 43.4 
10 26.4 0.0 165.2 24.4 189.6 0.0 330.3 48.8 
11 28.2 0.0 165.2 27.1 192.3 0.0 330.3 54.2 
12 30.0 0.0 165.2 29.8 195.0 0.0 330.3 59.7 
    SUB-TOTAL (g) 0.0 
3964.
0  
         
     Dry Material (g)   
Clay (%) 20 30    
Silt (%)  80 120    
  Contents of Sub-sample  Contents of Sample 
Sample 
Numbe
r  
Moisture 
Content 
(%) 
Wet 
Clay 
(g) 
Wet 
Silt 
(g) 
Water 
(g) 
Sample 
Mass 
(g) 
Wet 
Clay 
(g) 
Wet 
Silt (g) 
Water 
(g) 
13 11.3 34.8 132.1 0.0 166.9 69.6 264.3 0.0 
14 13.0 34.8 132.1 2.6 169.5 69.6 264.3 5.1 
15 14.7 34.8 132.1 5.1 172.0 69.6 264.3 10.2 
16 16.4 34.8 132.1 7.7 174.6 69.6 264.3 15.3 
17 18.1 34.8 132.1 10.2 177.1 69.6 264.3 20.4 
18 19.8 34.8 132.1 12.8 179.7 69.6 264.3 25.5 
19 21.5 34.8 132.1 15.3 182.2 69.6 264.3 30.6 
20 23.2 34.8 132.1 17.9 184.8 69.6 264.3 35.7 
21 24.9 34.8 132.1 20.4 187.3 69.6 264.3 40.8 
22 26.6 34.8 132.1 23.0 189.9 69.6 264.3 45.9 
23 28.3 34.8 132.1 25.5 192.4 69.6 264.3 51.0 
24 30.0 34.8 132.1 28.1 195.0 69.6 264.3 56.1 
    SUB-TOTAL (g) 835.3 
3171.
2  
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     Dry Material (g)   
Clay (%) 40 60    
Silt (%)  60 90    
  Contents of Sub-sample  Contents of Sample 
Sample 
Numbe
r  
Moisture 
Content 
(%) 
Wet 
Clay 
(g) 
Wet 
Silt 
(g) 
Water 
(g) 
Sample 
Mass 
(g) 
Wet 
Clay 
(g) 
Wet 
Silt (g) 
Water 
(g) 
25 12.5 69.6 99.1 0.0 168.7 139.2 198.2 0.0 
26 14.1 69.6 99.1 2.4 171.1 139.2 198.2 4.8 
27 15.7 69.6 99.1 4.8 173.5 139.2 198.2 9.6 
28 17.3 69.6 99.1 7.2 175.9 139.2 198.2 14.3 
29 18.8 69.6 99.1 9.6 178.3 139.2 198.2 19.1 
30 20.4 69.6 99.1 12.0 180.7 139.2 198.2 23.9 
31 22.0 69.6 99.1 14.3 183.0 139.2 198.2 28.7 
32 23.6 69.6 99.1 16.7 185.4 139.2 198.2 33.5 
33 25.2 69.6 99.1 19.1 187.8 139.2 198.2 38.2 
34 26.8 69.6 99.1 21.5 190.2 139.2 198.2 43.0 
35 28.4 69.6 99.1 23.9 192.6 139.2 198.2 47.8 
36 30.0 69.6 99.1 26.3 195.0 139.2 198.2 52.6 
    SUB-TOTAL (g) 
1670.
5 
2378.
4  
         
     Dry Material (g)   
Clay (%) 60 90    
Silt (%)  40 60    
  Contents of Sub-sample  Contents of Sample 
Sample 
Numbe
r  
Moisture 
Content 
(%) 
Wet 
Clay 
(g) 
Wet 
Silt 
(g) 
Water 
(g) 
Sample 
Mass 
(g) 
Wet 
Clay 
(g) 
Wet 
Silt (g) 
Water 
(g) 
37 13.7 104.4 66.1 0.0 170.5 208.8 132.1 0.0 
38 15.1 104.4 66.1 2.2 172.7 208.8 132.1 4.5 
39 16.6 104.4 66.1 4.5 174.9 208.8 132.1 8.9 
40 18.1 104.4 66.1 6.7 177.2 208.8 132.1 13.4 
41 19.6 104.4 66.1 8.9 179.4 208.8 132.1 17.8 
42 21.1 104.4 66.1 11.1 181.6 208.8 132.1 22.3 
43 22.6 104.4 66.1 13.4 183.9 208.8 132.1 26.8 
44 24.1 104.4 66.1 15.6 186.1 208.8 132.1 31.2 
45 25.5 104.4 66.1 17.8 188.3 208.8 132.1 35.7 
46 27.0 104.4 66.1 20.1 190.5 208.8 132.1 40.1 
47 28.5 104.4 66.1 22.3 192.8 208.8 132.1 44.6 
48 30.0 104.4 66.1 24.5 195.0 208.8 132.1 49.0 
    SUB-TOTAL (g) 
2505.
8 
1585.
6  
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 Dry Material (g) 
Clay (%) 80 120    
Silt (%)  20 30    
  Contents of Sub-sample  Contents of Sample 
Sample 
Numbe
r  
Moisture 
Content 
(%) 
Wet 
Clay 
(g) 
Wet 
Silt 
(g) 
Water 
(g) 
Sample 
Mass 
(g) 
Wet 
Clay 
(g) 
Wet 
Silt (g) 
Water 
(g) 
49 14.8 139.2 33.0 0.0 172.2 278.4 66.1 0.0 
50 16.2 139.2 33.0 2.1 174.3 278.4 66.1 4.1 
51 17.6 139.2 33.0 4.1 176.4 278.4 66.1 8.3 
52 19.0 139.2 33.0 6.2 178.5 278.4 66.1 12.4 
53 20.3 139.2 33.0 8.3 180.5 278.4 66.1 16.5 
54 21.7 139.2 33.0 10.3 182.6 278.4 66.1 20.7 
55 23.1 139.2 33.0 12.4 184.7 278.4 66.1 24.8 
56 24.5 139.2 33.0 14.5 186.7 278.4 66.1 29.0 
57 25.9 139.2 33.0 16.5 188.8 278.4 66.1 33.1 
58 27.2 139.2 33.0 18.6 190.9 278.4 66.1 37.2 
59 28.6 139.2 33.0 20.7 192.9 278.4 66.1 41.4 
60 30.0 139.2 33.0 22.8 195.0 278.4 66.1 45.5 
    SUB-TOTAL (g) 
3341.
1 792.8  
         
     Dry Material (g)   
Clay (%) 100 150    
Silt (%)  0 0    
  Contents of Sub-sample  Contents of Sample 
Sample 
Numbe
r  
Moisture 
Content 
(%) 
Wet 
Clay 
(g) 
Wet 
Silt 
(g) 
Water 
(g) 
Sample 
Mass 
(g) 
Wet 
Clay 
(g) 
Wet 
Silt (g) 
Water 
(g) 
61 16.0 174.0 0.0 0.0 174.0 348.0 0.0 0.0 
62 17.3 174.0 0.0 1.9 175.9 348.0 0.0 3.8 
63 18.6 174.0 0.0 3.8 177.8 348.0 0.0 7.6 
64 19.8 174.0 0.0 5.7 179.7 348.0 0.0 11.4 
65 21.1 174.0 0.0 7.6 181.6 348.0 0.0 15.3 
66 22.4 174.0 0.0 9.5 183.6 348.0 0.0 19.1 
67 23.6 174.0 0.0 11.4 185.5 348.0 0.0 22.9 
68 24.9 174.0 0.0 13.4 187.4 348.0 0.0 26.7 
69 26.2 174.0 0.0 15.3 189.3 348.0 0.0 30.5 
70 27.5 174.0 0.0 17.2 191.2 348.0 0.0 34.3 
71 28.7 174.0 0.0 19.1 193.1 348.0 0.0 38.2 
72 30.0 174.0 0.0 21.0 195.0 348.0 0.0 42.0 
    SUB-TOTAL (g) 
4176.
4 0.0  
         
         
TOTAL MASS (kg)        
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Clay  12.5        
Silt  11.9        
         
  Contents of Sub-sample  Contents of Sample 
Sample 
Numbe
r  
Moisture 
Content 
(%) 
Wet 
Clay 
(g) 
Wet 
Silt 
(g) 
Water 
(g) 
Sample 
Mass 
(g) 
Wet 
Clay 
(g) 
Wet 
Silt (g) 
Water 
(g) 
217 35 174.0 0 28.5 202.5 348.0 0.0 57.0 
218 40 174.0 0 36.0 210.0 348.0 0.0 72.0 
219 45 174.0 0 43.5 217.5 348.0 0.0 87.0 
220 50 174.0 0 51.0 225.0 348.0 0.0 102.0 
221 55 174.0 0 58.5 232.5 348.0 0.0 117.0 
222 60 174.0 0 66.0 240.0 348.0 0.0 132.0 
223 65 174.0 0 73.5 247.5 348.0 0.0 147.0 
224 70 174.0 0 81.0 255.0 348.0 0.0 162.0 
225 75 174.0 0 88.5 262.5 348.0 0.0 177.0 
226 80 174.0 0 96.0 270.0 348.0 0.0 192.0 
227 85 174.0 0 103.5 277.5 348.0 0.0 207.0 
228 90 174.0 0 111.0 285.0 348.0 0.0 222.0 
229 95 174.0 0 118.5 292.5 348.0 0.0 237.0 
230 100 174.0 0 126.0 300.0 348.0 0.0 252.0 
231 105 174.0 0 133.5 307.5 348.0 0.0 267.0 
232 110 174.0 0 141.0 315.0 348.0 0.0 282.0 
233 115 174.0 0 148.5 322.5 348.0 0.0 297.0 
234 120 174.7 0 156.0 330.7 349.5 0.0 312.0 
235 125 174.7 0 163.5 338.2 349.5 0.0 327.0 
236 130 174.7 0 171.0 345.7 349.5 0.0 342.0 
237 135 174.7 0 178.5 353.2 349.5 0.0 357.0 
238 140 174.7 0 186.0 360.7 349.5 0.0 372.0 
335 145 174.7 0 193.5 368.2 349.5 0.0 387.0 
336 150 174.7 0 201.0 375.7 349.5 0.0 402.0 
337 155 174.7 0 208.5 383.2 349.5 0.0 417.0 
338 160 174.7 0 216.0 390.7 349.5 0.0 432.0 
339 165 174.7 0 223.5 398.2 349.5 0.0 447.0 
340 170 174.7 0 231.0 405.7 349.5 0.0 462.0 
341 175 174.7 0 238.5 413.2 349.5 0.0 477.0 
342 180 174.7 0 246.0 420.7 349.5 0.0 492.0 
343 185 174.7 0 253.5 428.2 349.5 0.0 507.0 
344 190 174.7 0 261.0 435.7 349.5 0.0 522.0 
345 195 174.7 0 268.5 443.2 349.5 0.0 537.0 
346 200 174.7 0 276.0 450.7 349.5 0.0 552.0 
347 205 174.7 0 283.5 458.2 349.5 0.0 567.0 
348 210 174.7 0 291.0 465.7 349.5 0.0 582.0 
349 215 174.7 0 298.5 473.2 349.5 0.0 597.0 
350 220 174.7 0 306.0 480.7 349.5 0.0 612.0 
351 225 174.7 0 313.5 488.2 349.5 0.0 627.0 
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352 230 174.7 0 321.0 495.7 349.5 0.0 642.0 
353 235 174.7 0 328.5 503.2 349.5 0.0 657.0 
354 240 174.7 0 336.0 510.7 349.5 0.0 672.0 
355 245 174.7 0 343.5 518.2 349.5 0.0 687.0 
356 250 174.7 0 351.0 525.7 349.5 0.0 702.0 
357 255 174.7 0 358.5 533.2 349.5 0.0 717.0 
358 260 174.7 0 366.0 540.7 349.5 0.0 732.0 
 
 
 
 
 
Moisture Content of 
material   KAOLINITE   
         
Sample Number  3     
Dish Number S2X     
         
Mass of Container in grams (Ma) 67.5     
Mass of Container and Wet soil in 
grams (Mb) 256.03     
Mass of Container and Dry soil in 
grams (Mc) 252.25     
         
Moisture Content of Clay (%)  2.0     
         
Moisture Content of Silt mix (%) 10.1     
         
Sample Composition       
         
Sample size (grams)  150     
         
Maximum moisture for each mix to be determined and added manually  
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Dry Material (g) 
Clay (%) 0 0    
Silt (%)  100 150    
  
Contents of Sub-
sample  Contents of Sample 
Sample 
Number  
Moisture 
Content 
(%) 
Wet 
Clay 
(g) 
Wet 
Silt 
(g) 
Water 
(g) 
Sample 
Mass 
(g) 
Wet 
Clay 
(g) 
Wet 
Silt (g) 
Water 
(g) 
73 10.1 0.0 165.2 0.0 165.2 0.0 330.3 0.0 
74 11.9 0.0 165.2 2.7 167.9 0.0 330.3 5.4 
75 13.7 0.0 165.2 5.4 170.6 0.0 330.3 10.8 
76 15.5 0.0 165.2 8.1 173.3 0.0 330.3 16.3 
77 17.3 0.0 165.2 10.8 176.0 0.0 330.3 21.7 
78 19.2 0.0 165.2 13.6 178.7 0.0 330.3 27.1 
79 21.0 0.0 165.2 16.3 181.4 0.0 330.3 32.5 
80 22.8 0.0 165.2 19.0 184.2 0.0 330.3 38.0 
81 24.6 0.0 165.2 21.7 186.9 0.0 330.3 43.4 
82 26.4 0.0 165.2 24.4 189.6 0.0 330.3 48.8 
83 28.2 0.0 165.2 27.1 192.3 0.0 330.3 54.2 
84 30 0.0 165.2 29.8 195.0 0.0 330.3 59.7 
    SUB-TOTAL (g) 0.0 3964.0  
         
     Dry Material (g)   
Clay (%) 20 30    
Silt (%)  80 120    
  
Contents of Sub-
sample  Contents of Sample 
Sample 
Number  
Moisture 
Content 
(%) 
Wet 
Clay 
(g) 
Wet 
Silt 
(g) 
Water 
(g) 
Sample 
Mass 
(g) 
Wet 
Clay 
(g) 
Wet 
Silt (g) 
Water 
(g) 
85 8.5 30.6 132.1 0.0 162.7 61.2 264.3 0.0 
86 10.5 30.6 132.1 2.9 165.7 61.2 264.3 5.9 
87 12.4 30.6 132.1 5.9 168.6 61.2 264.3 11.7 
88 14.4 30.6 132.1 8.8 171.5 61.2 264.3 17.6 
89 16.3 30.6 132.1 11.7 174.5 61.2 264.3 23.5 
90 18.3 30.6 132.1 14.7 177.4 61.2 264.3 29.3 
91 20.2 30.6 132.1 17.6 180.3 61.2 264.3 35.2 
92 22.2 30.6 132.1 20.5 183.3 61.2 264.3 41.0 
93 24.1 30.6 132.1 23.5 186.2 61.2 264.3 46.9 
94 26.1 30.6 132.1 26.4 189.1 61.2 264.3 52.8 
95 28.0 30.6 132.1 29.3 192.1 61.2 264.3 58.6 
96 30 30.6 132.1 32.3 195.0 61.2 264.3 64.5 
    SUB-TOTAL (g) 734.7 3171.2  
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Dry Material (g) 
Clay (%) 40 60    
Silt (%)  60 90    
  
Contents of Sub-
sample  Contents of Sample 
Sample 
Number  
Moisture 
Content 
(%) 
Wet 
Clay 
(g) 
Wet 
Silt 
(g) 
Water 
(g) 
Sample 
Mass 
(g) 
Wet 
Clay 
(g) 
Wet 
Silt (g) 
Water 
(g) 
97 6.9 61.2 99.1 0.0 160.3 122.5 198.2 0.0 
98 9.0 61.2 99.1 3.2 163.5 122.5 198.2 6.3 
99 11.1 61.2 99.1 6.3 166.6 122.5 198.2 12.6 
100 13.2 61.2 99.1 9.5 169.8 122.5 198.2 18.9 
101 15.3 61.2 99.1 12.6 172.9 122.5 198.2 25.2 
102 17.4 61.2 99.1 15.8 176.1 122.5 198.2 31.5 
103 19.5 61.2 99.1 18.9 179.2 122.5 198.2 37.8 
104 21.6 61.2 99.1 22.1 182.4 122.5 198.2 44.1 
105 23.7 61.2 99.1 25.2 185.5 122.5 198.2 50.4 
106 25.8 61.2 99.1 28.4 188.7 122.5 198.2 56.7 
107 27.9 61.2 99.1 31.5 191.8 122.5 198.2 63.0 
108 30 61.2 99.1 34.7 195.0 122.5 198.2 69.3 
    SUB-TOTAL (g) 1469.5 2378.4  
         
     Dry Material (g)   
Clay (%) 60 90    
Silt (%)  40 60    
  
Contents of Sub-
sample  Contents of Sample 
Sample 
Number  
Moisture 
Content 
(%) 
Wet 
Clay 
(g) 
Wet 
Silt 
(g) 
Water 
(g) 
Sample 
Mass 
(g) 
Wet 
Clay 
(g) 
Wet 
Silt (g) 
Water 
(g) 
109 5.3 91.8 66.1 0.0 157.9 183.7 132.1 0.0 
110 7.5 91.8 66.1 3.4 161.3 183.7 132.1 6.7 
111 9.8 91.8 66.1 6.7 164.7 183.7 132.1 13.5 
112 12.0 91.8 66.1 10.1 168.0 183.7 132.1 20.2 
113 14.3 91.8 66.1 13.5 171.4 183.7 132.1 27.0 
114 16.5 91.8 66.1 16.9 174.8 183.7 132.1 33.7 
115 18.8 91.8 66.1 20.2 178.1 183.7 132.1 40.5 
116 21.0 91.8 66.1 23.6 181.5 183.7 132.1 47.2 
117 23.3 91.8 66.1 27.0 184.9 183.7 132.1 54.0 
118 25.5 91.8 66.1 30.3 188.3 183.7 132.1 60.7 
119 27.8 91.8 66.1 33.7 191.6 183.7 132.1 67.4 
120 30 91.8 66.1 37.1 195.0 183.7 132.1 74.2 
    SUB-TOTAL (g) 2204.2 1585.6  
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     Dry Material (g)   
Clay (%) 80 120    
Silt (%)  20 30    
  
Contents of Sub-
sample  Contents of Sample 
Sample 
Number  
Moisture 
Content 
(%) 
Wet 
Clay 
(g) 
Wet 
Silt 
(g) 
Water 
(g) 
Sample 
Mass 
(g) 
Wet 
Clay 
(g) 
Wet 
Silt (g) 
Water 
(g) 
121 3.7 122.5 33.0 0.0 155.5 244.9 66.1 0.0 
122 6.1 122.5 33.0 3.6 159.1 244.9 66.1 7.2 
123 8.4 122.5 33.0 7.2 162.7 244.9 66.1 14.4 
124 10.8 122.5 33.0 10.8 166.3 244.9 66.1 21.6 
125 13.2 122.5 33.0 14.4 169.9 244.9 66.1 28.7 
126 15.6 122.5 33.0 18.0 173.4 244.9 66.1 35.9 
127 18.0 122.5 33.0 21.6 177.0 244.9 66.1 43.1 
128 20.4 122.5 33.0 25.1 180.6 244.9 66.1 50.3 
129 22.8 122.5 33.0 28.7 184.2 244.9 66.1 57.5 
130 25.2 122.5 33.0 32.3 187.8 244.9 66.1 64.7 
131 27.6 122.5 33.0 35.9 191.4 244.9 66.1 71.8 
132 30 122.5 33.0 39.5 195.0 244.9 66.1 79.0 
    SUB-TOTAL (g) 2938.9 792.8  
         
     Dry Material (g)   
Clay (%) 100 150    
Silt (%)  0 0    
  
Contents of Sub-
sample  Contents of Sample 
Sample 
Number  
Moisture 
Content 
(%) 
Wet 
Clay 
(g) 
Wet 
Silt 
(g) 
Water 
(g) 
Sample 
Mass 
(g) 
Wet 
Clay 
(g) 
Wet 
Silt (g) 
Water 
(g) 
133 2.0 153.1 0.0 0.0 153.1 306.1 0.0 0.0 
134 4.6 153.1 0.0 3.8 156.9 306.1 0.0 7.6 
135 7.1 153.1 0.0 7.6 160.7 306.1 0.0 15.2 
136 9.7 153.1 0.0 11.4 164.5 306.1 0.0 22.9 
137 12.2 153.1 0.0 15.2 168.3 306.1 0.0 30.5 
138 14.8 153.1 0.0 19.1 172.1 306.1 0.0 38.1 
139 17.3 153.1 0.0 22.9 175.9 306.1 0.0 45.7 
140 19.8 153.1 0.0 26.7 179.8 306.1 0.0 53.4 
141 22.4 153.1 0.0 30.5 183.6 306.1 0.0 61.0 
142 24.9 153.1 0.0 34.3 187.4 306.1 0.0 68.6 
143 27.5 153.1 0.0 38.1 191.2 306.1 0.0 76.2 
144 30 153.1 0.0 41.9 195.0 306.1 0.0 83.9 
    SUB-TOTAL (g) 3673.7 0.0  
         
114 
 
         
TOTAL MASS (kg)        
Clay  11.0        
Silt  11.9        
         
  
Contents of Sub-
sample  Contents of Sample 
Sample 
Number  
Moisture 
Content 
(%) 
Wet 
Clay 
(g) 
Wet 
Silt 
(g) 
Water 
(g) 
Sample 
Mass 
(g) 
Wet 
Clay 
(g) 
Wet 
Silt (g) 
Water 
(g) 
239 35 153.1 0.0 49.4 202.5 306.1 0.0 98.9 
240 40 153.1 0.0 56.9 210.0 306.1 0.0 113.9 
241 45 153.1 0.0 64.4 217.5 306.1 0.0 128.9 
242 50 153.1 0.0 71.9 225.0 306.1 0.0 143.9 
243 55 153.1 0.0 79.4 232.5 306.1 0.0 158.9 
244 60 153.1 0.0 86.9 240.0 306.1 0.0 173.9 
245 65 153.1 0.0 94.4 247.5 306.1 0.0 188.9 
246 70 153.1 0.0 101.9 255.0 306.1 0.0 203.9 
247 75 153.1 0.0 109.4 262.5 306.1 0.0 218.9 
248 80 153.1 0.0 116.9 270.0 306.1 0.0 233.9 
249 85 153.1 0.0 124.4 277.5 306.1 0.0 248.9 
250 90 153.1 0.0 131.9 285.0 306.1 0.0 263.9 
 
 
Moisture Content of material   ILLITE   
         
Sample Number  4     
Dish Number S27     
         
Mass of Container in grams (Ma) 61.84     
Mass of Container and Wet soil in grams 
(Mb) 217.92     
Mass of Container and Dry soil in grams 
(Mc) 209.67     
         
Moisture Content of Clay (%)  5.6     
         
Moisture Content of Silt mix (%) 10.1     
         
Sample Composition       
         
Sample size (grams)  110     
         
Maximum moisture for each mix to be determined and added 
manually     
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     Dry Material (g)   
Clay (%) 0 0    
Silt (%)  100 110    
  Contents of Sub-sample  Contents of Sample 
Sample 
Number  
Moisture 
Content 
(%) 
Wet 
Clay 
(g) 
Wet 
Silt 
(g) 
Water 
(g) 
Sample 
Mass 
(g) 
Wet 
Clay 
(g) 
Wet 
Silt (g) 
Water 
(g) 
145 10.1 0.0 121.1 0.0 121.1 0.0 242.2 0.0 
146 11.9 0.0 121.1 2.0 123.1 0.0 242.2 4.0 
147 13.7 0.0 121.1 4.0 125.1 0.0 242.2 8.0 
148 15.5 0.0 121.1 6.0 127.1 0.0 242.2 11.9 
149 17.3 0.0 121.1 8.0 129.1 0.0 242.2 15.9 
150 19.2 0.0 121.1 9.9 131.1 0.0 242.2 19.9 
151 21.0 0.0 121.1 11.9 133.1 0.0 242.2 23.9 
152 22.8 0.0 121.1 13.9 135.0 0.0 242.2 27.8 
153 24.6 0.0 121.1 15.9 137.0 0.0 242.2 31.8 
154 26.4 0.0 121.1 17.9 139.0 0.0 242.2 35.8 
155 28.2 0.0 121.1 19.9 141.0 0.0 242.2 39.8 
156 30 0.0 121.1 21.9 143.0 0.0 242.2 43.8 
    SUB-TOTAL (g) 0.0 2907.0  
 
 
     Dry Material (g)   
Clay (%) 20 22    
Silt (%)  80 88    
  
Contents of Sub-
sample  Contents of Sample 
Sample 
Number  
Moisture 
Content 
(%) 
Wet 
Clay 
(g) 
Wet 
Silt 
(g) 
Water 
(g) 
Sample 
Mass 
(g) 
Wet 
Clay 
(g) 
Wet 
Silt (g) 
Water 
(g) 
157 9.2 23.2 96.9 0.0 120.1 46.5 193.8 0.0 
158 11.1 23.2 96.9 2.1 122.2 46.5 193.8 4.2 
159 13.0 23.2 96.9 4.2 124.3 46.5 193.8 8.3 
160 14.9 23.2 96.9 6.2 126.4 46.5 193.8 12.5 
161 16.8 23.2 96.9 8.3 128.4 46.5 193.8 16.6 
162 18.7 23.2 96.9 10.4 130.5 46.5 193.8 20.8 
163 20.5 23.2 96.9 12.5 132.6 46.5 193.8 25.0 
164 22.4 23.2 96.9 14.6 134.7 46.5 193.8 29.1 
165 24.3 23.2 96.9 16.6 136.8 46.5 193.8 33.3 
166 26.2 23.2 96.9 18.7 138.8 46.5 193.8 37.4 
167 28.1 23.2 96.9 20.8 140.9 46.5 193.8 41.6 
168 30 23.2 96.9 22.9 143.0 46.5 193.8 45.7 
    SUB-TOTAL (g) 557.5 2325.6  
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     Dry Material (g)   
Clay (%) 40 44    
Silt (%)  60 66    
  
Contents of Sub-
sample  Contents of Sample 
Sample 
Number  
Moisture 
Content 
(%) 
Wet 
Clay 
(g) 
Wet 
Silt 
(g) 
Water 
(g) 
Sample 
Mass 
(g) 
Wet 
Clay 
(g) 
Wet 
Silt (g) 
Water 
(g) 
169 8.3 46.5 72.7 0.0 119.1 92.9 145.3 0.0 
170 10.3 46.5 72.7 2.2 121.3 92.9 145.3 4.3 
171 12.2 46.5 72.7 4.3 123.5 92.9 145.3 8.7 
172 14.2 46.5 72.7 6.5 125.6 92.9 145.3 13.0 
173 16.2 46.5 72.7 8.7 127.8 92.9 145.3 17.4 
174 18.2 46.5 72.7 10.9 130.0 92.9 145.3 21.7 
175 20.1 46.5 72.7 13.0 132.1 92.9 145.3 26.0 
176 22.1 46.5 72.7 15.2 134.3 92.9 145.3 30.4 
177 24.1 46.5 72.7 17.4 136.5 92.9 145.3 34.7 
178 26.1 46.5 72.7 19.5 138.7 92.9 145.3 39.1 
179 28.0 46.5 72.7 21.7 140.8 92.9 145.3 43.4 
180 30 46.5 72.7 23.9 143.0 92.9 145.3 47.7 
    SUB-TOTAL (g) 1114.9 1744.2  
         
     Dry Material (g)   
Clay (%) 60 66    
Silt (%)  40 44    
  
Contents of Sub-
sample  Contents of Sample 
Sample 
Number  
Moisture 
Content 
(%) 
Wet 
Clay 
(g) 
Wet 
Silt 
(g) 
Water 
(g) 
Sample 
Mass 
(g) 
Wet 
Clay 
(g) 
Wet 
Silt (g) 
Water 
(g) 
181 7.4 69.7 48.4 0.0 118.1 139.4 96.9 0.0 
182 9.4 69.7 48.4 2.3 120.4 139.4 96.9 4.5 
183 11.5 69.7 48.4 4.5 122.7 139.4 96.9 9.0 
184 13.6 69.7 48.4 6.8 124.9 139.4 96.9 13.6 
185 15.6 69.7 48.4 9.0 127.2 139.4 96.9 18.1 
186 17.7 69.7 48.4 11.3 129.4 139.4 96.9 22.6 
187 19.7 69.7 48.4 13.6 131.7 139.4 96.9 27.1 
188 21.8 69.7 48.4 15.8 134.0 139.4 96.9 31.6 
189 23.8 69.7 48.4 18.1 136.2 139.4 96.9 36.2 
190 25.9 69.7 48.4 20.3 138.5 139.4 96.9 40.7 
191 27.9 69.7 48.4 22.6 140.7 139.4 96.9 45.2 
192 30 69.7 48.4 24.9 143.0 139.4 96.9 49.7 
    SUB-TOTAL (g) 1672.4 1162.8  
         
     Dry Material (g)   
Clay (%) 80 88    
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Silt (%)  20 22    
  
Contents of Sub-
sample  Contents of Sample 
Sample 
Number  
Moisture 
Content 
(%) 
Wet 
Clay 
(g) 
Wet 
Silt 
(g) 
Water 
(g) 
Sample 
Mass 
(g) 
Wet 
Clay 
(g) 
Wet 
Silt (g) 
Water 
(g) 
193 6.5 92.9 24.2 0.0 117.1 185.8 48.4 0.0 
194 8.6 92.9 24.2 2.4 119.5 185.8 48.4 4.7 
195 10.8 92.9 24.2 4.7 121.8 185.8 48.4 9.4 
196 12.9 92.9 24.2 7.1 124.2 185.8 48.4 14.1 
197 15.0 92.9 24.2 9.4 126.5 185.8 48.4 18.8 
198 17.2 92.9 24.2 11.8 128.9 185.8 48.4 23.5 
199 19.3 92.9 24.2 14.1 131.2 185.8 48.4 28.2 
200 21.4 92.9 24.2 16.5 133.6 185.8 48.4 32.9 
201 23.6 92.9 24.2 18.8 135.9 185.8 48.4 37.6 
202 25.7 92.9 24.2 21.2 138.3 185.8 48.4 42.3 
203 27.9 92.9 24.2 23.5 140.6 185.8 48.4 47.0 
204 30 92.9 24.2 25.9 143.0 185.8 48.4 51.7 
    SUB-TOTAL (g) 2229.9 581.4  
         
     Dry Material (g)   
Clay (%) 100 110    
Silt (%)  0 0    
  
Contents of Sub-
sample  Contents of Sample 
Sample 
Number  
Moisture 
Content 
(%) 
Wet 
Clay 
(g) 
Wet 
Silt 
(g) 
Water 
(g) 
Sample 
Mass 
(g) 
Wet 
Clay 
(g) 
Wet 
Silt (g) 
Water 
(g) 
205 5.6 116.1 0.0 0.0 116.1 232.3 0.0 0.0 
206 7.8 116.1 0.0 2.4 118.6 232.3 0.0 4.9 
207 10.0 116.1 0.0 4.9 121.0 232.3 0.0 9.8 
208 12.2 116.1 0.0 7.3 123.5 232.3 0.0 14.7 
209 14.5 116.1 0.0 9.8 125.9 232.3 0.0 19.5 
210 16.7 116.1 0.0 12.2 128.3 232.3 0.0 24.4 
211 18.9 116.1 0.0 14.7 130.8 232.3 0.0 29.3 
212 21.1 116.1 0.0 17.1 133.2 232.3 0.0 34.2 
213 23.3 116.1 0.0 19.5 135.7 232.3 0.0 39.1 
214 25.6 116.1 0.0 22.0 138.1 232.3 0.0 44.0 
215 27.8 116.1 0.0 24.4 140.6 232.3 0.0 48.8 
216 30 116.1 0.0 26.9 143.0 232.3 0.0 53.7 
    SUB-TOTAL (g) 2787.3 0.0  
         
         
TOTAL MASS (kg)        
Clay  8.4        
Silt  8.7        
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359 65 116.1 0 65.4 181.5 232.3 0 130.7 
360 45 116.1 0 43.4 159.5 232.3 0 86.7 
 
 
 
 
 
 
 
 
 
 
 
 
Moisture Content of 
material   PEAT MOSS   
         
Sample Number  O1     
Dish Number M-68     
         
Mass of Container in grams (Ma) 349.48     
Mass of Container and Wet soil in 
grams (Mb) 571.93     
Mass of Container and Dry soil in 
grams (Mc) 431.83     
         
Moisture Content of Peat Moss (%)  170.1     
         
Moisture Content of Silt mix (%) 10.1     
         
Sample Composition       
         
Sample size (grams)  80     
         
Maximum moisture for each mix to be determined and added manually  
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Dry Material (g) 
Peat moss (%) 5 4    
Silt (%)  95 76    
  Contents of Sub-Sample  Contents of Sample 
Sample 
Number  
Moisture 
Content 
(%) 
Wet 
Peat 
Moss 
(g) 
Wet 
Silt (g) 
Water 
(g) 
Sample 
Mass 
(g) 
Wet 
Peat 
Moss 
(g) 
Wet 
Silt (g) 
Water 
(g) 
251 18.1 10.8 83.7 0.0 94.5 21.6 167.4 0.0 
252 21.0 10.8 83.7 2.3 96.8 21.6 167.4 4.6 
253 23.9 10.8 83.7 4.6 99.1 21.6 167.4 9.3 
254 26.8 10.8 83.7 7.0 101.4 21.6 167.4 13.9 
255 29.7 10.8 83.7 9.3 103.8 21.6 167.4 18.6 
256 32.6 10.8 83.7 11.6 106.1 21.6 167.4 23.2 
257 35.5 10.8 83.7 13.9 108.4 21.6 167.4 27.8 
258 38.4 10.8 83.7 16.2 110.7 21.6 167.4 32.5 
259 41.3 10.8 83.7 18.6 113.0 21.6 167.4 37.1 
260 44.2 10.8 83.7 20.9 115.4 21.6 167.4 41.7 
261 47.1 10.8 83.7 23.2 117.7 21.6 167.4 46.4 
262 50.0 10.8 83.7 25.5 120.0 21.6 167.4 51.0 
    SUB-TOTAL (g) 259.3 2008.4  
         
Peat moss (%) 10 8    
Silt (%)  90 72    
  Contents of Sub-Sample  Contents of Sample 
Sample 
Number  
Moisture 
Content 
(%) 
Wet 
Peat 
Moss 
(g) 
Wet 
Silt (g) 
Water 
(g) 
Sample 
Mass 
(g) 
Wet 
Peat 
Moss 
(g) 
Wet 
Silt (g) 
Water 
(g) 
263 26.1 21.6 79.3 0.0 100.9 43.2 158.6 0.0 
264 29.2 21.6 79.3 2.5 103.4 43.2 158.6 4.9 
265 32.3 21.6 79.3 4.9 105.8 43.2 158.6 9.9 
266 35.4 21.6 79.3 7.4 108.3 43.2 158.6 14.8 
267 38.4 21.6 79.3 9.9 110.7 43.2 158.6 19.7 
268 41.5 21.6 79.3 12.3 113.2 43.2 158.6 24.6 
269 44.6 21.6 79.3 14.8 115.7 43.2 158.6 29.6 
270 47.7 21.6 79.3 17.3 118.1 43.2 158.6 34.5 
271 50.8 21.6 79.3 19.7 120.6 43.2 158.6 39.4 
272 53.8 21.6 79.3 22.2 123.1 43.2 158.6 44.4 
273 56.9 21.6 79.3 24.6 125.5 43.2 158.6 49.3 
274 60.0 21.6 79.3 27.1 128.0 43.2 158.6 54.2 
    SUB-TOTAL (g) 518.6 1902.7  
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Peat moss (%) 20 16    
Silt (%)  80 64    
  Contents of Sub-Sample  Contents of Sample 
Sample 
Number  
Moisture 
Content 
(%) 
Wet 
Peat 
Moss 
(g) 
Wet 
Silt (g) 
Water 
(g) 
Sample 
Mass 
(g) 
Wet 
Peat 
Moss 
(g) 
Wet 
Silt (g) 
Water 
(g) 
275 42.1 43.2 70.5 0.0 113.7 86.4 140.9 0.0 
276 44.7 43.2 70.5 2.0 115.7 86.4 140.9 4.1 
277 47.2 43.2 70.5 4.1 117.7 86.4 140.9 8.1 
278 49.7 43.2 70.5 6.1 119.8 86.4 140.9 12.2 
279 52.3 43.2 70.5 8.1 121.8 86.4 140.9 16.2 
280 54.8 43.2 70.5 10.1 123.8 86.4 140.9 20.3 
281 57.3 43.2 70.5 12.2 125.9 86.4 140.9 24.3 
282 59.9 43.2 70.5 14.2 127.9 86.4 140.9 28.4 
283 62.4 43.2 70.5 16.2 129.9 86.4 140.9 32.4 
284 64.9 43.2 70.5 18.3 131.9 86.4 140.9 36.5 
285 67.5 43.2 70.5 20.3 134.0 86.4 140.9 40.6 
286 70.0 43.2 70.5 22.3 136.0 86.4 140.9 44.6 
    SUB-TOTAL (g) 1037.3 1691.3  
         
Peat moss (%) 40 32    
Silt (%)  60 48    
  Contents of Sub-Sample  Contents of Sample 
Sample 
Number  
Moisture 
Content 
(%) 
Wet 
Peat 
Moss 
(g) 
Wet 
Silt (g) 
Water 
(g) 
Sample 
Mass 
(g) 
Wet 
Peat 
Moss 
(g) 
Wet 
Silt (g) 
Water 
(g) 
287 74.1 86.4 52.9 0.0 139.3 172.9 105.7 0.0 
288 76.5 86.4 52.9 1.9 141.2 172.9 105.7 3.8 
289 78.8 86.4 52.9 3.8 143.1 172.9 105.7 7.5 
290 81.2 86.4 52.9 5.6 144.9 172.9 105.7 11.3 
291 83.5 86.4 52.9 7.5 146.8 172.9 105.7 15.1 
292 85.9 86.4 52.9 9.4 148.7 172.9 105.7 18.8 
293 88.2 86.4 52.9 11.3 150.6 172.9 105.7 22.6 
294 90.6 86.4 52.9 13.2 152.5 172.9 105.7 26.4 
295 92.9 86.4 52.9 15.1 154.4 172.9 105.7 30.1 
296 95.3 86.4 52.9 16.9 156.2 172.9 105.7 33.9 
297 97.6 86.4 52.9 18.8 158.1 172.9 105.7 37.6 
298 100.0 86.4 52.9 20.7 160.0 172.9 105.7 41.4 
    SUB-TOTAL (g) 2074.6 1268.5  
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Peat moss (%) 60 48    
Silt (%)  40 32    
  Contents of Sub-Sample  Contents of Sample 
Sample 
Number  
Moisture 
Content 
(%) 
Wet 
Peat 
Moss 
(g) 
Wet 
Silt (g) 
Water 
(g) 
Sample 
Mass 
(g) 
Wet 
Peat 
Moss 
(g) 
Wet 
Silt (g) 
Water 
(g) 
299 106.1 129.7 35.2 0.0 164.9 259.3 70.5 0.0 
300 108.3 129.7 35.2 1.7 166.6 259.3 70.5 3.5 
301 110.5 129.7 35.2 3.5 168.4 259.3 70.5 6.9 
302 112.6 129.7 35.2 5.2 170.1 259.3 70.5 10.4 
303 114.8 129.7 35.2 6.9 171.8 259.3 70.5 13.9 
304 117.0 129.7 35.2 8.7 173.6 259.3 70.5 17.4 
305 119.1 129.7 35.2 10.4 175.3 259.3 70.5 20.8 
306 121.3 129.7 35.2 12.2 177.1 259.3 70.5 24.3 
307 123.5 129.7 35.2 13.9 178.8 259.3 70.5 27.8 
308 125.7 129.7 35.2 15.6 180.5 259.3 70.5 31.3 
309 127.8 129.7 35.2 17.4 182.3 259.3 70.5 34.7 
310 130.0 129.7 35.2 19.1 184.0 259.3 70.5 38.2 
    SUB-TOTAL (g) 3111.9 845.7  
         
Peat moss (%) 80 64    
Silt (%)  20 16    
  Contents of Sub-Sample  Contents of Sample 
Sample 
Number  
Moisture 
Content 
(%) 
Wet 
Peat 
Moss 
(g) 
Wet 
Silt (g) 
Water 
(g) 
Sample 
Mass 
(g) 
Wet 
Peat 
Moss 
(g) 
Wet 
Silt (g) 
Water 
(g) 
311 138.1 172.9 17.6 0.0 190.5 345.8 35.2 0.0 
312 141.0 172.9 17.6 2.3 192.8 345.8 35.2 4.6 
313 143.9 172.9 17.6 4.6 195.1 345.8 35.2 9.3 
314 146.8 172.9 17.6 7.0 197.5 345.8 35.2 13.9 
315 149.7 172.9 17.6 9.3 199.8 345.8 35.2 18.5 
316 152.6 172.9 17.6 11.6 202.1 345.8 35.2 23.2 
317 155.5 172.9 17.6 13.9 204.4 345.8 35.2 27.8 
318 158.4 172.9 17.6 16.2 206.7 345.8 35.2 32.5 
319 161.3 172.9 17.6 18.5 209.0 345.8 35.2 37.1 
320 164.2 172.9 17.6 20.9 211.4 345.8 35.2 41.7 
321 167.1 172.9 17.6 23.2 213.7 345.8 35.2 46.4 
322 170.0 172.9 17.6 25.5 216.0 345.8 35.2 51.0 
    SUB-TOTAL (g) 4149.2 422.8  
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Peat moss (%) 100 80    
Silt (%)  0 0    
  Contents of Sub-Sample  Contents of Sample 
Sample 
Number  
Moisture 
Content 
(%) 
Wet 
Peat 
Moss 
(g) 
Wet 
Silt (g) 
Water 
(g) 
Sample 
Mass 
(g) 
Wet 
Peat 
Moss 
(g) 
Wet 
Silt (g) 
Water 
(g) 
323 170.1 216.1 0.0 0.0 216.1 432.2 0.0 0.0 
324 172.8 216.1 0.0 2.2 218.3 432.2 0.0 4.3 
325 175.6 216.1 0.0 4.3 220.4 432.2 0.0 8.7 
326 178.3 216.1 0.0 6.5 222.6 432.2 0.0 13.0 
327 181.0 216.1 0.0 8.7 224.8 432.2 0.0 17.4 
328 183.7 216.1 0.0 10.9 227.0 432.2 0.0 21.7 
329 186.4 216.1 0.0 13.0 229.1 432.2 0.0 26.1 
330 189.1 216.1 0.0 15.2 231.3 432.2 0.0 30.4 
331 191.9 216.1 0.0 17.4 233.5 432.2 0.0 34.8 
332 194.6 216.1 0.0 19.6 235.7 432.2 0.0 39.1 
333 197.3 216.1 0.0 21.7 237.8 432.2 0.0 43.5 
334 200.0 216.1 0.0 23.9 240.0 432.2 0.0 47.8 
    SUB-TOTAL (g) 5186.4 0.0  
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Appendix C: Sample mixing list 
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SAMPLE MIXING LIST  
          
SAMPLES 1 - 72 ARE BENTONITE CLAY 
Sample 
Number  
Wet 
Clay (g) Wet Silt (g) 
Additional 
Water (g) 
Sample Mixed 
(tick when 
done) 
1 0.00 330.34 0.00   
2 0.00 330.34 5.42   
3 0.00 330.34 10.85   
4 0.00 330.34 16.27   
5 0.00 330.34 21.70   
6 0.00 330.34 27.12   
7 0.00 330.34 32.54   
8 0.00 330.34 37.97   
9 0.00 330.34 43.39   
10 0.00 330.34 48.82   
11 0.00 330.34 54.24   
12 0.00 330.34 59.66   
13 69.61 264.27 0.00   
14 69.61 264.27 5.10   
15 69.61 264.27 10.20   
16 69.61 264.27 15.31   
17 69.61 264.27 20.41   
18 69.61 264.27 25.51   
19 69.61 264.27 30.61   
20 69.61 264.27 35.72   
21 69.61 264.27 40.82   
22 69.61 264.27 45.92   
23 69.61 264.27 51.02   
24 69.61 264.27 56.12   
25 139.21 198.20 0.00   
26 139.21 198.20 4.78   
27 139.21 198.20 9.56   
28 139.21 198.20 14.34   
29 139.21 198.20 19.12   
30 139.21 198.20 23.90   
31 139.21 198.20 28.68   
32 139.21 198.20 33.46   
33 139.21 198.20 38.24   
34 139.21 198.20 43.03   
35 139.21 198.20 47.81   
36 139.21 198.20 52.59   
37 208.82 132.13 0.00   
38 208.82 132.13 4.46   
39 208.82 132.13 8.92   
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40 208.82 132.13 13.38   
41 208.82 132.13 17.84   
42 208.82 132.13 22.29   
43 208.82 132.13 26.75   
44 208.82 132.13 31.21   
45 208.82 132.13 35.67   
46 208.82 132.13 40.13   
47 208.82 132.13 44.59   
48 208.82 132.13 49.05   
49 278.42 66.07 0.00   
50 278.42 66.07 4.14   
51 278.42 66.07 8.27   
52 278.42 66.07 12.41   
53 278.42 66.07 16.55   
54 278.42 66.07 20.69   
55 278.42 66.07 24.82   
56 278.42 66.07 28.96   
57 278.42 66.07 33.10   
58 278.42 66.07 37.23   
59 278.42 66.07 41.37   
60 278.42 66.07 45.51   
61 348.03 0.00 0.00   
62 348.03 0.00 3.82   
63 348.03 0.00 7.63   
64 348.03 0.00 11.45   
65 348.03 0.00 15.26   
66 348.03 0.00 19.08   
67 348.03 0.00 22.89   
68 348.03 0.00 26.71   
69 348.03 0.00 30.52   
70 348.03 0.00 34.34   
71 348.03 0.00 38.15   
72 348.03 0.00 41.97   
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SAMPLES 73 - 144 ARE KAOLINITE CLAY 
Sample 
Number  
Wet 
Clay (g) Wet Silt (g) 
Additional 
Water (g) 
Sample Mixed 
(tick when 
done) 
73 0.00 330.34 0.00   
74 0.00 330.34 5.42   
75 0.00 330.34 10.85   
76 0.00 330.34 16.27   
77 0.00 330.34 21.70   
78 0.00 330.34 27.12   
79 0.00 330.34 32.54   
80 0.00 330.34 37.97   
81 0.00 330.34 43.39   
82 0.00 330.34 48.82   
83 0.00 330.34 54.24   
84 0.00 330.34 59.66   
85 61.23 264.27 0.00   
86 61.23 264.27 5.86   
87 61.23 264.27 11.73   
88 61.23 264.27 17.59   
89 61.23 264.27 23.46   
90 61.23 264.27 29.32   
91 61.23 264.27 35.18   
92 61.23 264.27 41.05   
93 61.23 264.27 46.91   
94 61.23 264.27 52.78   
95 61.23 264.27 58.64   
96 61.23 264.27 64.50   
97 122.46 198.20 0.00   
98 122.46 198.20 6.30   
99 122.46 198.20 12.61   
100 122.46 198.20 18.91   
101 122.46 198.20 25.22   
102 122.46 198.20 31.52   
103 122.46 198.20 37.82   
104 122.46 198.20 44.13   
105 122.46 198.20 50.43   
106 122.46 198.20 56.74   
107 122.46 198.20 63.04   
108 122.46 198.20 69.34   
109 183.68 132.13 0.00   
110 183.68 132.13 6.74   
111 183.68 132.13 13.49   
112 183.68 132.13 20.23   
113 183.68 132.13 26.98   
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114 183.68 132.13 33.72   
115 183.68 132.13 40.46   
116 183.68 132.13 47.21   
117 183.68 132.13 53.95   
118 183.68 132.13 60.69   
119 183.68 132.13 67.44   
120 183.68 132.13 74.18   
121 244.91 66.07 0.00   
122 244.91 66.07 7.18   
123 244.91 66.07 14.37   
124 244.91 66.07 21.55   
125 244.91 66.07 28.74   
126 244.91 66.07 35.92   
127 244.91 66.07 43.10   
128 244.91 66.07 50.29   
129 244.91 66.07 57.47   
130 244.91 66.07 64.65   
131 244.91 66.07 71.84   
132 244.91 66.07 79.02   
133 306.14 0.00 0.00   
134 306.14 0.00 7.62   
135 306.14 0.00 15.25   
136 306.14 0.00 22.87   
137 306.14 0.00 30.50   
138 306.14 0.00 38.12   
139 306.14 0.00 45.74   
140 306.14 0.00 53.37   
141 306.14 0.00 60.99   
142 306.14 0.00 68.61   
143 306.14 0.00 76.24   
144 306.14 0.00 83.86   
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SAMPLES 145 - 216 ARE ILLITE CLAY 
Sample 
Number  
Wet 
Clay (g) Wet Silt (g) 
Additional 
Water (g) 
Sample Mixed 
(tick when 
done) 
145 0.00 242.25 0.00   
146 0.00 242.25 3.98   
147 0.00 242.25 7.96   
148 0.00 242.25 11.93   
149 0.00 242.25 15.91   
150 0.00 242.25 19.89   
151 0.00 242.25 23.87   
152 0.00 242.25 27.84   
153 0.00 242.25 31.82   
154 0.00 242.25 35.80   
155 0.00 242.25 39.78   
156 0.00 242.25 43.75   
157 46.46 193.80 0.00   
158 46.46 193.80 4.16   
159 46.46 193.80 8.32   
160 46.46 193.80 12.48   
161 46.46 193.80 16.64   
162 46.46 193.80 20.79   
163 46.46 193.80 24.95   
164 46.46 193.80 29.11   
165 46.46 193.80 33.27   
166 46.46 193.80 37.43   
167 46.46 193.80 41.59   
168 46.46 193.80 45.75   
169 92.91 145.35 0.00   
170 92.91 145.35 4.34   
171 92.91 145.35 8.68   
172 92.91 145.35 13.02   
173 92.91 145.35 17.36   
174 92.91 145.35 21.70   
175 92.91 145.35 26.04   
176 92.91 145.35 30.38   
177 92.91 145.35 34.72   
178 92.91 145.35 39.06   
179 92.91 145.35 43.40   
180 92.91 145.35 47.74   
181 139.37 96.90 0.00   
182 139.37 96.90 4.52   
183 139.37 96.90 9.04   
184 139.37 96.90 13.56   
185 139.37 96.90 18.09   
129 
 
186 139.37 96.90 22.61   
187 139.37 96.90 27.13   
188 139.37 96.90 31.65   
189 139.37 96.90 36.17   
190 139.37 96.90 40.69   
191 139.37 96.90 45.21   
192 139.37 96.90 49.73   
193 185.82 48.45 0.00   
194 185.82 48.45 4.70   
195 185.82 48.45 9.41   
196 185.82 48.45 14.11   
197 185.82 48.45 18.81   
198 185.82 48.45 23.51   
199 185.82 48.45 28.22   
200 185.82 48.45 32.92   
201 185.82 48.45 37.62   
202 185.82 48.45 42.32   
203 185.82 48.45 47.03   
204 185.82 48.45 51.73   
205 232.28 0.00 0.00   
206 232.28 0.00 4.88   
207 232.28 0.00 9.77   
208 232.28 0.00 14.65   
209 232.28 0.00 19.54   
210 232.28 0.00 24.42   
211 232.28 0.00 29.30   
212 232.28 0.00 34.19   
213 232.28 0.00 39.07   
214 232.28 0.00 43.95   
215 232.28 0.00 48.84   
216 232.28 0.00 53.72   
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SAMPLES 217 - 238 ARE BENTONITE CLAY 
Sample 
Number  
Wet 
Clay (g) Wet Silt (g) 
Additional 
Water (g) 
Sample Mixed 
(tick when 
done) 
217 348.03 0.00 56.97   
218 348.03 0.00 71.97   
219 348.03 0.00 86.97   
220 348.03 0.00 101.97   
221 348.03 0.00 116.97   
222 348.03 0.00 131.97   
223 348.03 0.00 146.97   
224 348.03 0.00 161.97   
225 348.03 0.00 176.97   
226 348.03 0.00 191.97   
227 348.03 0.00 206.97   
228 348.03 0.00 221.97   
229 348.03 0.00 236.97   
230 348.03 0.00 251.97   
231 348.03 0.00 266.97   
232 348.03 0.00 281.97   
233 348.03 0.00 296.97   
234 349.46 0.00 311.97   
235 349.46 0.00 326.97   
236 349.46 0.00 341.97   
237 349.46 0.00 356.97   
238 349.46 0.00 371.97   
     
     
SAMPLES 239 - 250 ARE KAOLINITE CLAY 
Sample 
Number  
Wet 
Clay (g) Wet Silt (g) 
Additional 
Water (g) 
Sample Mixed 
(tick when 
done) 
239 306.14 0.00 98.86   
240 306.14 0.00 113.86   
241 306.14 0.00 128.86   
242 306.14 0.00 143.86   
243 306.14 0.00 158.86   
244 306.14 0.00 173.86   
245 306.14 0.00 188.86   
246 306.14 0.00 203.86   
247 306.14 0.00 218.86   
248 306.14 0.00 233.86   
249 306.14 0.00 248.86   
250 306.14 0.00 263.86   
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SAMPLES 251 - 298 ARE ORGANICS  
Sample 
Number  
Wet 
Clay (g) Wet Silt (g) 
Additional 
Water (g) 
Sample Mixed 
(tick when 
done) 
251 21.61 167.37 0.00   
252 21.61 167.37 4.64   
253 21.61 167.37 9.28   
254 21.61 167.37 13.91   
255 21.61 167.37 18.55   
256 21.61 167.37 23.19   
257 21.61 167.37 27.83   
258 21.61 167.37 32.47   
259 21.61 167.37 37.10   
260 21.61 167.37 41.74   
261 21.61 167.37 46.38   
262 21.61 167.37 51.02   
263 43.22 158.56 0.00   
264 43.22 158.56 4.93   
265 43.22 158.56 9.86   
266 43.22 158.56 14.79   
267 43.22 158.56 19.72   
268 43.22 158.56 24.64   
269 43.22 158.56 29.57   
270 43.22 158.56 34.50   
271 43.22 158.56 39.43   
272 43.22 158.56 44.36   
273 43.22 158.56 49.29   
274 43.22 158.56 54.22   
275 86.44 140.94 0.00   
276 86.44 140.94 4.06   
277 86.44 140.94 8.11   
278 86.44 140.94 12.17   
279 86.44 140.94 16.22   
280 86.44 140.94 20.28   
281 86.44 140.94 24.34   
282 86.44 140.94 28.39   
283 86.44 140.94 32.45   
284 86.44 140.94 36.50   
285 86.44 140.94 40.56   
286 86.44 140.94 44.62   
287 172.88 105.71 0.00   
288 172.88 105.71 3.76   
289 172.88 105.71 7.53   
290 172.88 105.71 11.29   
291 172.88 105.71 15.06   
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292 172.88 105.71 18.82   
293 172.88 105.71 22.59   
294 172.88 105.71 26.35   
295 172.88 105.71 30.12   
296 172.88 105.71 33.88   
297 172.88 105.71 37.65   
298 172.88 105.71 41.41   
     
     
SAMPLES 335 - 358 ARE BENTONITE CLAY 
Sample 
Number  
Wet 
Clay (g) Wet Silt (g) 
Additional 
Water (g) 
Sample Mixed 
(tick when 
done) 
335 349.46 0.00 386.97   
336 349.46 0.00 401.97   
337 349.46 0.00 416.97   
338 349.46 0.00 431.97   
339 349.46 0.00 446.97   
340 349.46 0.00 461.97   
341 349.46 0.00 476.97   
342 349.46 0.00 491.97   
343 349.46 0.00 506.97   
344 349.46 0.00 521.97   
345 349.46 0.00 536.97   
346 349.46 0.00 551.97   
347 349.46 0.00 566.97   
348 349.46 0.00 581.97   
349 349.46 0.00 596.97   
350 349.46 0.00 611.97   
351 349.46 0.00 626.97   
352 349.46 0.00 641.97   
353 349.46 0.00 656.97   
354 349.46 0.00 671.97   
355 349.46 0.00 686.97   
356 349.46 0.00 701.97   
357 349.46 0.00 716.97   
358 349.46 0.00 731.97   
     
SAMPLES 359 - 360 ARE ILLITE CLAY 
Sample 
Number  
Wet 
Clay (g) Wet Silt (g) 
Additional 
Water (g) 
Sample Mixed 
(tick when 
done) 
359 232.30 0.00 130.70   
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FINAL YEAR PROJECT DATA COLLECTION FORM – ADAM CORMICK 
CLAY TYPE (CIRCLE):  CLAY %   SILT % 
BENTONITE KAOLINITE ILLITE 
 
OVEN DRYING: 
Mass of container (grams)  
Mass of container and wet soil (grams)  
Mass of container and dry soil (grams)  
 
MICROWAVE DRYING:  
Mass of container (grams)   
Mass of container and wet soil (grams)   
Mass of container and dry soil at constant mass 
(grams) 
  
0.1 % of initial wet soil mass (grams)   
  Mass change 
(grams) 
Mass of container and soil after 3 min (grams)   
Mass of container and soil after 4 min (grams)   
Mass of container and soil after 5 min (grams)   
Mass of container and soil after 6 min (grams)   
Mass of container and soil after 7 min (grams)   
Mass of container and soil after 8 min (grams)   
Mass of container and soil after 9 min (grams)   
Mass of container and soil after 10 min (grams)   
Mass of container and soil after 11 min (grams)   
Mass of container and soil after 12 min (grams)   
Mass of container and soil after 13 min (grams)   
Mass of container and soil after 14 min (grams)   
Mass of container and soil after 15 min (grams)   
Mass of container and soil after 16 min (grams)   
Mass of container and soil after 17 min (grams)   
Mass of container and soil after 18 min (grams)   
Mass of container and soil after 19 min (grams)   
Mass of container and soil after 20 min (grams)   
Mass of container and soil after 21 min (grams)   
Mass of container and soil after 22 min (grams)   
Mass of container and soil after 23 min (grams)   
Mass of container and soil after 24 min (grams)   
Mass of container and soil after 25 min (grams)   
Mass of container and soil after 26 min (grams)   
Mass of container and soil after 27 min (grams)   
Mass of container and soil after 28 min (grams)   
Mass of container and soil after 29 min (grams)   
Mass of container and soil after 30 min (grams)   
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Appendix F: Material properties test results  
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Appendix G: Moisture content results spreadsheet  
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MOISTURE CONTENTS FOR FINE GRAINED SILTY SOIL AND CLAYS UP TO 30% MOISTURE CONTENT  
           
 STANDARD OVEN  MICROWAVE OVEN DIFFERENCE (%)  
Sample 
No: 
Mass of 
Container 
(g)  
Mass of 
Container 
and Wet 
soil (g)  
Mass of 
Container 
and Dry 
soil (g)  
Moisture 
Content 
(%) 
Mass of 
Container 
(g)  
Mass of 
Container 
and Wet 
soil (g)  
Mass of 
Container 
and Dry 
soil (g)  
Moisture 
Content 
(%) 
Difference 
between 
moisture 
contents 
(%) 
Microwave 
Drying 
Time (min)  
1 64.58 232.22 216.96 10.0 139.02 304.25 289.42 9.9 0.15 11 
2 66.24 232.44 214.89 11.8 134.42 302.32 285.06 11.5 0.35 9 
3 65.23 234.22 214.04 13.6 149.16 319.77 299.95 13.1 0.42 9 
4 63.24 237.00 213.61 15.6 131.86 302.63 280.45 14.9 0.63 9 
5 59.28 230.28 205.12 17.3 133.48 309.48 283.98 16.9 0.31 9 
6 61.37 237.73 209.57 19.0 128.18 306.92 278.65 18.8 0.21 9 
7 59.06 236.50 206.61 20.3 135.74 317.16 286.00 20.7 -0.48 10 
8 61.36 238.88 206.76 22.1 134.55 318.77 285.50 22.0 0.05 9 
9 64.57 240.54 206.92 23.6 135.65 322.58 287.27 23.3 0.33 9 
10 66.31 236.67 202.19 25.4 144.41 333.93 296.22 24.8 0.54 9 
11 66.18 230.32 195.52 26.9 129.06 318.61 278.87 26.5 0.38 10 
12 59.26 213.19 179.08 28.5 131.85 326.87 284.44 27.8 0.66 11 
13 58.08 224.54 207.62 11.3 149.17 316.08 299.71 10.9 0.44 10 
14 60.22 228.63 209.09 13.1 133.08 302.59 283.74 12.5 0.61 9 
15 67.27 238.10 215.60 15.2 134.98 306.95 285.30 14.4 0.77 10 
16 66.29 238.89 214.47 16.5 141.84 316.43 292.22 16.1 0.38 8 
17 59.31 233.97 206.89 18.3 132.07 309.17 282.66 17.6 0.75 8 
18 66.24 243.60 214.28 19.8 136.30 315.98 286.67 19.5 0.31 9 
19 63.39 243.04 210.88 21.8 135.32 317.53 286.43 20.6 1.22 9 
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20 59.03 240.73 206.17 23.5 135.86 320.66 286.99 22.3 1.21 10 
21 61.36 244.74 208.12 25.0 131.31 318.59 282.52 23.9 1.10 9 
22 56.17 240.80 202.39 26.3 133.59 323.45 284.34 25.9 0.33 9 
23 63.16 249.56 209.26 27.6 133.08 325.47 283.39 28.0 -0.41 9 
24 58.38 244.08 201.55 29.7 147.54 342.58 298.58 29.1 0.57 10 
25 63.91 231.91 213.23 12.5 137.92 306.61 288.43 12.1 0.43 7 
26 57.45 227.90 206.84 14.1 140.53 311.61 291.00 13.7 0.40 8 
27 66.23 238.69 214.84 16.0 131.58 305.07 282.30 15.1 0.94 8 
28 65.50 240.04 214.29 17.3 136.60 312.49 287.10 16.9 0.44 9 
29 54.02 230.47 201.96 19.3 137.24 315.53 288.01 18.3 1.02 9 
30 58.66 236.65 206.10 20.7 134.14 314.83 285.09 19.7 1.02 8 
31 65.87 246.43 213.37 22.4 132.27 315.32 283.11 21.4 1.06 9 
32 65.24 248.10 212.37 24.3 133.59 318.98 284.57 22.8 1.49 10 
33 64.01 248.66 210.65 25.9 132.09 319.90 283.43 24.1 1.82 10 
34 60.16 247.65 207.55 27.2 149.63 339.83 300.42 26.1 1.07 11 
35 62.86 252.08 210.26 28.4 137.94 330.69 288.29 28.2 0.17 10 
36 66.01 257.45 212.83 30.4 141.83 336.88 292.45 29.5 0.89 10 
37 63.38 233.28 212.69 13.8 128.16 298.66 278.28 13.6 0.21 8 
38 58.61 229.92 206.98 15.5 138.01 310.72 288.31 14.9 0.55 8 
39 63.92 237.98 213.05 16.7 135.52 310.41 285.48 16.6 0.09 9 
40 65.14 241.18 214.35 18.0 134.44 311.66 284.40 18.2 -0.20 9 
41 61.88 240.10 210.70 19.8 132.28 311.68 282.52 19.4 0.35 9 
42 58.86 238.33 206.98 21.2 135.29 316.93 285.97 20.5 0.62 10 
43 63.12 245.78 212.03 22.7 132.48 316.37 282.62 22.5 0.19 9 
44 65.48 249.58 213.40 24.5 147.55 333.60 298.20 23.5 0.96 10 
45 58.72 244.08 206.10 25.8 137.92 326.21 288.86 24.7 1.03 10 
46 60.18 248.52 207.90 27.5 140.52 331.00 291.40 26.2 1.25 10 
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47 58.32 248.67 205.27 29.5 129.48 322.26 281.00 27.2 2.30 10 
48 64.56 257.30 212.87 30.0 136.30 331.32 286.64 29.7 0.24 11 
49 65.67 237.38 215.22 14.8 137.22 309.45 287.34 14.7 0.09 8 
50 61.17 234.78 210.58 16.2 133.93 308.24 284.08 16.1 0.11 8 
51 64.89 240.54 214.15 17.7 132.15 308.58 282.46 17.4 0.30 9 
52 61.06 238.65 210.28 19.0 136.29 314.78 286.59 18.8 0.26 9 
53 57.26 236.84 206.48 20.3 132.10 312.58 282.24 20.2 0.14 9 
54 63.70 245.33 212.48 22.1 149.18 331.75 299.52 21.4 0.64 9 
55 61.61 245.17 210.04 23.7 136.30 320.97 287.13 22.4 1.23 10 
56 60.86 246.46 209.35 25.0 145.84 332.49 296.13 24.2 0.80 10 
57 65.02 251.83 212.60 26.6 131.78 320.64 282.83 25.0 1.55 10 
58 65.22 254.52 213.40 27.8 133.47 324.37 284.20 26.7 1.10 11 
59 58.99 249.72 207.25 28.6 131.85 324.76 282.20 28.3 0.34 11 
60 63.06 254.17 210.20 29.9 135.85 330.89 286.04 29.9 0.02 11 
61 65.87 239.39 215.42 16.0 143.47 317.45 293.39 16.0 -0.02 9 
62 65.07 239.77 214.35 17.0 134.38 310.32 284.36 17.3 -0.28 9 
63 63.87 240.86 213.26 18.5 150.24 328.03 300.07 18.7 -0.19 10 
64 58.63 237.89 208.21 19.8 138.87 318.60 288.66 20.0 -0.15 9 
65 65.48 246.48 214.79 21.2 143.93 325.52 293.71 21.2 -0.01 9 
66 61.86 244.48 211.06 22.4 131.78 315.38 281.84 22.4 0.05 10 
67 58.86 242.70 207.66 23.5 135.74 321.20 285.56 23.8 -0.24 10 
68 58.00 244.40 207.57 24.6 133.22 320.63 282.91 25.2 -0.57 10 
69 65.66 254.18 215.13 26.1 133.48 322.78 283.38 26.3 -0.16 10 
70 60.09 250.00 209.36 27.2 129.03 320.26 279.04 27.5 -0.25 10 
71 66.00 257.65 214.65 28.9 133.60 326.75 283.71 28.7 0.25 11 
72 58.61 251.87 207.35 29.9 131.21 326.23 281.55 29.7 0.21 12 
85 61.97 223.45 211.05 8.3 131.67 294.43 282.17 8.1 0.17 7 
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86 67.87 232.63 217.20 10.3 136.18 301.80 286.76 10.0 0.34 7 
87 65.06 232.57 214.09 12.4 133.08 301.74 283.44 12.2 0.23 8 
88 59.47 229.12 208.08 14.2 147.55 319.04 298.10 13.9 0.25 8 
89 62.76 232.84 209.05 16.3 136.29 310.79 286.93 15.8 0.42 9 
90 67.00 241.62 215.06 17.9 143.56 320.94 294.29 17.7 0.26 9 
91 63.33 239.72 210.35 20.0 131.77 312.05 282.47 19.6 0.35 9 
92 59.63 232.47 201.56 21.8 135.64 319.00 286.43 21.6 0.18 9 
93 65.31 239.19 205.58 24.0 135.32 321.57 286.16 23.5 0.49 10 
94 60.73 233.79 198.88 25.3 130.47 319.75 281.55 25.3 -0.01 10 
95 57.83 234.65 196.20 27.8 129.02 321.09 280.52 26.8 1.01 10 
96 65.03 236.33 197.87 29.0 133.58 328.51 285.14 28.6 0.34 11 
97 64.61 224.43 214.22 6.8 132.95 293.25 283.31 6.6 0.21 6 
98 54.12 215.90 202.73 8.9 150.23 313.75 300.71 8.7 0.20 7 
99 62.60 228.39 211.86 11.1 136.28 302.93 286.88 10.7 0.42 8 
100 59.24 227.27 207.62 13.2 144.12 313.91 294.98 12.5 0.69 8 
101 60.39 232.06 209.21 15.4 128.17 301.08 278.81 14.8 0.57 9 
102 59.14 234.03 207.92 17.5 135.74 311.91 286.47 16.9 0.67 9 
103 64.88 241.69 213.03 19.3 135.33 314.55 285.81 19.1 0.25 9 
104 57.99 235.15 203.47 21.8 133.48 315.85 283.82 21.3 0.47 9 
105 64.96 247.11 212.62 23.4 129.03 311.40 277.36 22.9 0.41 9 
106 62.58 245.09 208.21 25.3 132.26 320.98 282.96 25.2 0.10 10 
107 61.69 246.95 206.43 28.0 132.96 324.83 284.00 27.0 0.96 10 
108 61.41 245.08 203.28 29.5 149.82 344.92 301.01 29.0 0.42 10 
109 58.96 216.24 208.59 5.1 134.92 292.81 285.22 5.0 0.06 6 
110 65.12 224.57 213.74 7.3 143.92 305.27 294.32 7.3 0.01 7 
111 67.82 231.50 217.18 9.6 131.21 295.91 281.33 9.7 -0.12 7 
112 65.48 231.71 214.08 11.9 134.01 302.02 284.32 11.8 0.09 7 
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113 58.00 228.41 207.18 14.2 133.22 304.61 283.55 14.0 0.22 8 
114 63.37 236.73 212.30 16.4 133.48 308.29 283.95 16.2 0.23 8 
115 63.99 240.29 212.57 18.7 132.27 310.36 282.75 18.3 0.31 9 
116 53.98 231.56 200.86 20.9 134.00 315.50 284.75 20.4 0.50 10 
117 65.50 246.16 212.31 23.1 131.90 316.76 282.46 22.8 0.28 9 
118 65.26 248.10 211.06 25.4 134.54 322.87 285.28 24.9 0.47 10 
119 67.21 252.56 213.06 27.1 129.03 320.60 279.11 27.6 -0.56 10 
120 61.02 248.00 205.44 29.5 133.59 328.56 283.98 29.6 -0.17 10 
121 61.34 215.75 210.53 3.5 133.04 288.51 283.29 3.5 0.02 5 
122 59.00 217.10 208.65 5.6 132.95 292.02 282.74 6.2 -0.55 6 
123 63.88 225.26 212.74 8.4 149.64 312.37 299.74 8.4 0.00 6 
124 61.86 226.72 210.70 10.8 134.92 301.20 285.33 10.6 0.21 7 
125 62.82 231.43 212.27 12.8 144.12 314.02 294.06 13.3 -0.49 8 
126 65.08 237.11 214.24 15.3 131.19 304.63 281.23 15.6 -0.26 8 
127 58.86 234.72 207.87 18.0 134.00 311.08 284.00 18.1 -0.03 9 
128 62.83 240.82 211.58 19.7 133.07 313.73 283.05 20.5 -0.80 9 
129 65.49 247.46 214.10 22.4 151.54 335.79 302.16 22.3 0.12 9 
130 53.99 238.92 201.65 25.2 138.87 326.75 289.85 24.4 0.80 9 
131 61.03 248.25 208.20 27.2 143.94 335.34 294.61 27.0 0.18 10 
132 65.26 254.85 211.55 29.6 131.21 326.26 282.02 29.3 0.26 10 
133 66.01 227.83 224.70 2.0 134.86 287.94 285.08 1.9 0.07 5 
134 58.60 214.14 207.51 4.5 131.31 288.16 281.25 4.6 -0.16 6 
135 60.09 219.45 209.53 6.6 132.28 292.97 281.68 7.6 -0.92 7 
136 65.65 228.29 214.43 9.3 133.59 298.07 283.04 10.1 -0.74 7 
137 58.37 225.05 206.97 12.2 132.48 300.84 281.95 12.6 -0.47 7 
138 63.88 233.74 211.76 14.9 150.12 322.25 300.19 14.7 0.16 8 
139 65.47 238.60 213.41 17.0 138.56 314.57 288.63 17.3 -0.26 8 
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140 67.22 245.17 215.68 19.9 136.31 316.25 286.21 20.0 -0.18 8 
141 63.98 245.34 212.17 22.4 133.23 316.79 283.38 22.3 0.13 8 
142 58.99 244.74 207.62 25.0 133.47 320.88 283.80 24.7 0.31 9 
143 63.86 252.98 212.23 27.5 129.03 320.24 279.35 27.2 0.26 10 
144 61.34 252.01 208.45 29.6 133.59 328.55 283.94 29.7 -0.06 11 
157 63.36 183.09 173.11 9.1 133.06 253.19 243.33 8.9 0.15 6 
158 64.56 186.44 174.17 11.2 151.55 273.75 262.06 10.6 0.62 6 
159 58.59 181.83 167.68 13.0 138.88 263.13 249.58 12.2 0.73 7 
160 63.36 188.15 171.99 14.9 141.83 268.28 252.57 14.2 0.69 8 
161 65.85 191.25 173.47 16.5 131.21 259.64 242.19 15.7 0.80 7 
162 65.45 193.60 173.51 18.6 136.30 266.83 247.03 17.9 0.71 8 
163 66.24 194.11 172.30 20.6 134.87 267.60 245.46 20.0 0.54 8 
164 58.31 186.55 163.35 22.1 133.94 268.44 244.25 21.9 0.16 8 
165 60.20 187.37 162.97 23.7 131.29 268.12 242.32 23.2 0.51 8 
166 63.18 191.78 165.43 25.8 136.30 275.13 246.91 25.5 0.26 8 
167 58.74 182.85 156.50 27.0 134.39 275.24 245.84 26.4 0.57 8 
168 63.13 182.56 155.76 28.9 150.12 293.15 261.58 28.3 0.61 8 
169 58.36 176.74 167.72 8.2 136.28 255.41 246.48 8.1 0.14 6 
170 57.46 177.86 166.70 10.2 141.28 262.60 251.43 10.1 0.08 7 
171 60.22 182.41 169.14 12.2 129.49 253.00 239.98 11.8 0.40 6 
172 66.25 190.58 175.27 14.0 136.71 262.33 247.05 13.8 0.20 7 
173 64.92 190.25 173.05 15.9 135.31 263.12 245.44 16.1 -0.15 7 
174 66.30 193.15 173.78 18.0 134.13 264.23 244.66 17.7 0.32 8 
175 59.30 187.30 165.90 20.1 135.21 267.32 245.90 19.4 0.72 8 
176 61.16 188.54 165.75 21.8 131.30 265.67 241.91 21.5 0.31 9 
177 64.61 189.92 166.06 23.5 132.67 269.39 243.41 23.5 0.06 8 
178 64.87 194.62 168.07 25.7 150.23 288.80 260.46 25.7 0.02 8 
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179 65.09 190.80 163.58 27.6 138.37 279.07 249.08 27.1 0.55 8 
180 59.65 184.91 156.58 29.2 141.84 284.91 252.83 28.9 0.32 8 
181 64.68 182.12 174.03 7.4 133.49 251.59 243.48 7.4 0.02 6 
182 65.22 184.84 174.56 9.4 136.59 257.07 246.87 9.2 0.15 6 
183 65.12 186.56 173.89 11.6 132.68 255.39 243.15 11.1 0.57 6 
184 58.00 182.04 167.16 13.6 131.86 256.75 242.00 13.4 0.24 7 
185 61.70 187.15 170.45 15.4 131.20 258.53 241.37 15.6 -0.22 7 
186 67.84 194.73 175.72 17.6 135.31 264.74 245.58 17.4 0.25 7 
187 62.59 191.32 170.19 19.6 132.96 264.64 243.35 19.3 0.35 8 
188 66.98 196.02 172.78 22.0 151.56 285.60 262.40 20.9 1.03 8 
190 57.85 185.25 159.13 25.8 144.10 282.74 255.16 24.8 0.96 8 
191 58.96 187.10 159.22 27.8 131.58 272.20 242.22 27.1 0.71 8 
192 60.87 188.35 159.52 29.2 134.01 276.97 244.41 29.5 -0.27 8 
193 59.24 175.20 168.18 6.4 137.23 254.61 247.67 6.3 0.16 6 
194 65.03 183.40 174.16 8.5 134.12 253.62 244.41 8.4 0.12 6 
195 59.46 180.19 168.57 10.6 132.28 254.09 242.41 10.6 0.04 7 
196 61.43 184.52 170.41 12.9 136.17 260.37 246.35 12.7 0.22 8 
197 63.32 188.85 172.60 14.9 132.00 258.50 242.11 14.9 -0.02 8 
198 60.78 187.99 169.64 16.9 149.26 278.13 259.43 17.0 -0.12 8 
199 62.58 192.23 171.28 19.3 136.29 267.54 246.59 19.0 0.28 8 
200 61.65 193.21 169.98 21.4 141.29 274.84 251.51 21.2 0.28 8 
201 54.11 186.31 161.05 23.6 129.49 265.40 240.17 22.8 0.83 12 
202 63.69 196.22 169.24 25.6 138.02 276.42 248.55 25.2 0.35 9 
203 59.14 194.83 165.19 27.9 135.81 276.68 246.73 27.0 0.95 8 
204 61.95 193.15 163.42 29.3 134.13 277.43 244.87 29.4 -0.10 9 
205 67.87 183.44 177.34 5.6 132.28 248.42 242.43 5.4 0.13 6 
206 60.39 178.01 169.46 7.8 135.69 254.43 246.00 7.6 0.20 7 
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207 58.97 179.19 168.25 10.0 132.01 253.04 242.41 9.6 0.38 6 
208 57.28 179.21 165.93 12.2 149.27 272.74 259.58 11.9 0.29 9 
209 65.03 189.35 173.74 14.4 135.75 261.65 246.03 14.2 0.20 7 
210 65.21 191.45 173.50 16.6 141.84 270.16 252.06 16.4 0.15 8 
211 62.77 191.65 171.32 18.7 132.18 262.98 242.36 18.7 0.01 8 
212 59.53 190.28 167.78 20.8 136.30 269.60 246.74 20.7 0.09 8 
213 59.57 192.14 167.02 23.4 135.82 271.48 246.47 22.6 0.78 8 
214 68.85 203.59 176.32 25.4 133.49 271.61 243.97 25.0 0.36 9 
215 56.18 191.88 162.09 28.1 133.59 274.24 243.93 27.5 0.66 9 
216 65.47 202.38 170.49 30.4 135.68 278.70 245.84 29.8 0.54 10 
      
 
 
 
 
 
      
      MC Difference (%) Drying times (min)  
      MAX DIFF 2.30 
MAX 
Time  12.00  
      MEAN  0.33 MEAN  8.55  
      STD. DEV  0.46 STD. DEV  1.40  
           
           
EXCLUDED AS AN OUTLIER          
189 63.05 191.06 169.94 19.8 138.98 275.21 249.48 23.3 -3.53 8 
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HIGHER MOISTURE CONTENTS FOR BENTONITE (ACCEPTABLE)  
           
 STANDARD OVEN  MICROWAVE OVEN DIFFERENCE (%)  
Sample 
No: 
Mass of 
Container 
(g)  
Mass of 
Container 
and Wet 
soil (g)  
Mass of 
Container 
and Dry 
soil (g)  
Moisture 
Content 
(%) 
Mass of 
Container 
(g)  
Mass of 
Container 
and Wet 
soil (g)  
Mass of 
Container 
and Dry 
soil (g)  
Moisture 
Content 
(%) 
Difference 
between 
moisture 
contents 
(%) 
Microwave 
Drying 
Time (min)  
217 57.82 257.93 205.66 35.4 132.10 334.62 282.69 34.5 0.87 11 
218 59.24 266.37 205.58 41.5 151.55 361.54 302.88 38.8 2.78 14 
219 63.31 276.39 210.49 44.8 138.98 356.58 289.29 44.8 0.01 12 
220 60.84 280.37 206.49 50.7 141.29 366.25 292.14 49.1 1.60 14 
221 66.96 293.50 213.75 54.3 131.58 364.08 281.44 55.1 -0.82 13 
222 54.11 286.05 198.38 60.8 136.61 376.58 287.39 59.2 1.62 15 
223 57.99 294.26 201.81 64.3 133.23 380.79 282.40 66.0 -1.68 17 
224 59.13 299.91 201.54 69.1 134.14 388.95 284.00 70.0 -0.96 16 
225 65.02 311.22 206.34 74.2 131.21 393.93 281.50 74.8 -0.59 17 
226 65.12 309.17 202.47 77.7 133.58 403.78 284.05 79.6 -1.89 18 
228 58.95 322.76 198.09 89.6 151.55 436.58 303.00 88.2 1.40 19 
229 63.68 330.57 201.72 93.3 138.01 430.39 289.31 93.2 0.10 20 
230 60.75 330.29 196.32 98.8 141.30 441.23 293.26 97.4 1.45 21 
231 63.04 334.33 196.46 103.3 131.58 439.06 284.61 100.9 2.41 21 
232 61.88 343.23 197.22 107.9 147.54 462.66 299.09 107.9 -0.05 22 
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HIGHER MOISTURE CONTENTS FOR KAOLINITE  
239 62.74 254.92 205.60 34.5 136.60 339.10 286.99 34.6 -0.13 10 
240 61.60 260.42 203.63 40.0 135.52 345.54 285.74 39.8 0.18 11 
241 58.74 253.57 193.57 44.5 133.48 350.89 283.82 44.6 -0.11 12 
243 65.22 258.50 189.97 54.9 136.29 368.78 286.72 54.6 0.38 15 
244 60.38 259.45 184.40 60.5 130.37 370.17 280.33 59.9 0.61 17 
245 65.17 274.58 192.20 64.9 151.55 398.89 302.24 64.1 0.71 16 
           
REMOVED AS 
OUTLIERS           
227 61.42 307.86 195.72 83.5 133.07 410.85 289.21 77.9 5.60 19 
242 64.61 247.9 185.56 51.5 129.59 354.65 281.72 47.9 3.60 13 
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ORGANIC MATERIAL  
           
 STANDARD OVEN  MICROWAVE OVEN DIFFERENCE (%)  
Sample 
No: 
Mass of 
Container 
(g)  
Mass of 
Container 
and Wet 
soil (g)  
Mass of 
Container 
and Dry 
soil (g)  
Moisture 
Content 
(%) 
Mass of 
Container 
(g)  
Mass of 
Container 
and Wet 
soil (g)  
Mass of 
Container 
and Dry 
soil (g)  
Moisture 
Content 
(%) 
Difference 
between 
moisture 
contents 
(%) 
Microwave 
Drying 
Time (min)  
251 56.17 125.23 115.01 17.4 130.37 248.51 231.25 17.1 0.26 10 
252 61.02 156.35 140.39 20.1 133.49 230.28 214.33 19.7 0.38 8 
253 59.01 156.25 138.06 23.0 134.00 233.15 214.95 22.5 0.53 9 
254 63.88 163.42 142.83 26.1 135.50 236.97 216.20 25.7 0.34 10 
255 65.49 166.74 144.35 28.4 134.54 238.36 215.50 28.2 0.16 11 
256 65.45 169.47 144.44 31.7 131.21 237.28 211.97 31.3 0.35 10 
257 65.65 171.24 144.28 34.3 133.03 241.53 214.02 34.0 0.32 11 
258 59.57 167.08 138.10 36.9 132.96 243.69 213.74 37.1 -0.17 11 
259 58.64 168.51 136.93 40.3 149.64 262.71 230.39 40.0 0.31 12 
260 58.02 169.39 136.07 42.7 136.28 251.69 217.01 43.0 -0.27 12 
261 65.27 178.02 142.33 46.3 145.83 263.61 227.09 44.9 1.37 12 
262 65.07 180.16 142.59 48.5 131.21 251.23 212.09 48.4 0.07 12 
263 61.36 160.02 140.04 25.4 150.13 251.00 231.14 24.5 0.88 10 
264 64.56 165.74 143.16 28.7 129.57 232.95 210.93 27.1 1.66 11 
265 66.29 170.20 145.08 31.9 133.59 239.40 214.24 31.2 0.69 12 
266 58.37 164.86 137.11 35.2 132.46 240.74 213.84 33.1 2.19 13 
267 63.31 172.04 142.20 37.8 149.26 259.99 230.28 36.7 1.15 14 
268 60.20 171.14 139.01 40.8 138.88 252.11 220.05 39.5 1.27 15 
269 57.45 171.52 136.71 43.9 141.82 257.54 222.21 43.9 -0.03 16 
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270 59.31 174.68 137.72 47.1 131.11 249.27 212.53 45.1 2.01 14 
271 61.17 178.85 140.10 49.1 133.47 254.11 214.75 48.4 0.67 15 
272 63.37 183.14 141.81 52.7 133.22 256.30 214.19 52.0 0.68 18 
273 64.90 187.82 143.48 56.4 131.67 257.20 212.44 55.4 1.01 14 
274 58.34 182.09 136.46 58.4 135.76 263.89 216.82 58.1 0.34 14 
275 54.00 164.65 130.82 44.0 138.38 252.12 221.32 37.1 6.90 13 
280 66.01 186.39 144.82 52.7 132.96 256.91 213.70 53.5 -0.77 14 
281 63.41 186.25 140.33 59.7 132.61 258.50 215.16 52.5 7.20 15 
286 65.49 196.86 143.52 68.4 149.26 285.25 231.03 66.3 2.05 17 
287 64.00 164.27 121.74 73.7 143.56 269.40 218.37 68.2 5.44 18 
293 61.34 164.79 114.02 96.4 134.01 284.65 216.74 82.1 14.29 21 
298 65.43 180.04 119.30 112.8 129.56 289.58 215.42 86.4 26.38 21 
           
           
HIGHER MOISTURE CONTENTS FOR BENTONITE (NOT ACCEPTABLE)  
           
 STANDARD OVEN  MICROWAVE OVEN DIFFERENCE (%)  
Sample 
No: 
Mass of 
Container 
(g)  
Mass of 
Container 
and Wet 
soil (g)  
Mass of 
Container 
and Dry 
soil (g)  
Moisture 
Content 
(%) 
Mass of 
Container 
(g)  
Mass of 
Container 
and Wet 
soil (g)  
Mass of 
Container 
and Dry 
soil (g)  
Moisture 
Content 
(%) 
Difference 
between 
moisture 
contents 
(%) 
Microwave 
Drying 
Time (min)  
233 65.85 349.48 198.46 113.9 138.38 460.85 292.34 109.5 4.43 21 
234 58.59 356.62 196.30 116.4 141.28 471.93 292.94 118.0 -1.60 23 
235 63.88 367.18 196.47 128.8 133.48 471.63 288.71 117.8 10.91 24 
236 63.37 374.60 199.42 128.8 136.29 482.06 289.26 126.0 2.72 24 
237 66.23 375.35 197.21 136.0 134.84 489.14 289.84 128.6 7.42 25 
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238 66.24 391.37 201.29 140.7 134.54 495.27 287.54 135.8 4.98 29 
335 65.01 397.40 202.41 141.9 141.21 508.77 292.00 143.8 -1.84 28 
336 65.48 404.47 201.61 149.0 129.57 505.04 281.42 147.3 1.76 26 
337 63.86 394.67 193.70 154.8 132.54 515.69 285.74 150.1 4.68 26 
338 62.57 420.22 200.78 158.8 142.97 533.61 294.70 157.5 1.32 28 
339 61.02 405.06 191.82 163.0 136.10 534.21 289.51 159.5 3.52 30 
340 65.26 414.50 195.44 168.3 135.31 541.33 290.20 162.1 6.14 28 
341 60.10 413.30 187.60 177.0 150.12 563.04 305.85 165.2 11.87 30 
342 61.95 429.29 192.87 180.6 144.53 565.02 298.66 172.8 7.77 29 
343 63.97 431.96 193.00 185.2 135.92 564.14 290.82 176.4 8.75 30 
344 61.68 421.69 187.05 187.2 132.54 567.60 284.80 185.7 1.42 34 
345 65.64 455.50 196.82 197.2 139.98 582.19 293.51 188.0 9.17 34 
346 59.46 380.13 167.11 197.9 131.12 581.49 283.82 194.9 2.94 32 
347 62.56 449.10 189.62 204.2 131.83 589.95 285.95 197.2 6.97 33 
348 53.97 431.73 176.91 207.3 150.13 615.97 303.87 203.0 4.27 38 
349 59.56 414.24 173.10 212.4 143.46 617.46 298.03 206.7 5.73 37 
350 64.88 419.31 176.85 216.5 133.47 614.06 286.87 213.3 3.25 32 
351 56.15 441.22 174.68 224.9 131.30 604.11 281.46 214.9 10.00 35 
352 58.98 420.87 170.12 225.6 137.91 633.16 291.33 222.8 2.81 38 
354 57.26 359.04 148.24 231.7 135.32 644.72 288.55 232.4 -0.74 39 
355 58.62 446.53 173.66 237.2 133.58 651.85 286.01 240.0 -2.81 37 
356 58.95 437.17 167.13 249.6 129.19 654.52 283.36 240.7 8.87 41 
357 57.98 442.39 166.91 252.9 133.71 667.12 286.55 249.0 3.90 41 
358 67.83 354.10 148.24 256.0 131.83 601.19 266.12 249.5 6.50 35 
 
 
 
 
          
157 
 
ILLITE AT HIGHER MOISTURE CONTENT  
           
 STANDARD OVEN  MICROWAVE OVEN DIFFERENCE (%)  
Sample 
No: 
Mass of 
Container 
(g)  
Mass of 
Container 
and Wet 
soil (g)  
Mass of 
Container 
and Dry 
soil (g)  
Moisture 
Content 
(%) 
Mass of 
Container 
(g)  
Mass of 
Container 
and Wet 
soil (g)  
Mass of 
Container 
and Dry 
soil (g)  
Moisture 
Content 
(%) 
Difference 
between 
moisture 
contents 
(%) 
Microwave 
Drying 
Time (min)  
359 58.87 187.58 137.49 63.7 132.97 306.68 238.91 64.0 -0.26 12 
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Appendix H: Correlation data  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
159 
 
          
Linear 
regression 
line  Confidence lines 
Sample 
No: 
Moisture 
Content 
(%) by 
oven 
method 
[Y] 
Moisture 
Content 
(%) by 
microwave 
method 
[X] XY X^2 Y^2     X Y  Y_upper Y_lower  
1 10.0 9.9 98.7 97.2 100.3  ∑Y =  233.9  9.0 9.2 9.9 8.6 
2 11.8 11.5 135.3 131.3 139.4  ∑X =  230.4  11.0 11.3 11.9 10.6 
3 13.6 13.1 178.2 172.8 183.9  ∑XY =  4886.4  13.0 13.3 13.9 12.6 
4 15.6 14.9 232.2 222.8 242.0  ∑X^2 =  4816.2  15.0 15.3 15.9 14.6 
5 17.3 16.9 292.3 287.1 297.6  
(∑X)^2 
=  53066.0  17.0 17.3 17.9 16.6 
6 19.0 18.8 357.0 353.0 361.1  ∑Y^2 =  4958.6  19.0 19.3 19.9 18.7 
7 20.3 20.7 420.1 430.0 410.4  (∑Y)^2 =  54711.4  21.0 21.3 21.9 20.7 
8 22.1 22.0 486.9 485.8 488.0  N =  12  23.0 23.3 23.9 22.7 
9 23.6 23.3 550.0 542.4 557.8       25.0 25.3 26.0 24.7 
10 25.4 24.8 630.3 617.0 643.9  A =  0.19  27.0 27.3 28.0 26.7 
11 26.9 26.5 713.7 703.7 723.9  B =  1.005  29.0 29.3 30.0 28.7 
12 28.5 27.8 791.6 773.2 810.4  Syx = 0.32  31.0 31.4 32.0 30.7 
13 11.3 10.9 123.0 118.2 128.0  ∑Y =  248.0  10.0 10.7 11.7 9.8 
14 13.1 12.5 164.2 156.5 172.3  ∑X =  240.8  11.9 12.6 13.6 11.7 
15 15.2 14.4 218.5 207.4 230.1  ∑XY =  5366.5  13.8 14.5 15.5 13.6 
16 16.5 16.1 265.3 259.2 271.6  ∑X^2 =  5225.7  15.7 16.4 17.3 15.4 
17 18.3 17.6 323.0 309.9 336.7  
(∑X)^2 
=  57969.3  17.6 18.3 19.2 17.3 
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18 19.8 19.5 386.0 379.9 392.3  ∑Y^2 =  5514.0  19.5 20.2 21.1 19.2 
19 21.8 20.6 448.8 423.6 475.5  (∑Y)^2 =  61527.5  21.5 22.0 23.0 21.1 
20 23.5 22.3 523.3 496.3 551.7  N =  12  23.4 23.9 24.9 23.0 
21 25.0 23.9 595.2 569.0 622.6       25.3 25.8 26.8 24.9 
22 26.3 25.9 681.5 673.1 690.0  A =  0.87  27.2 27.7 28.6 26.7 
23 27.6 28.0 772.2 783.7 760.9  B =  0.987  29.1 29.6 30.5 28.6 
24 29.7 29.1 865.4 848.6 882.4  Syx = 0.47  31.0 31.5 32.4 30.5 
25 12.5 12.1 151.1 145.9 156.5  ∑Y =  258.5  11.0 11.7 12.6 10.7 
26 14.1 13.7 193.1 187.6 198.7  ∑X =  247.8  12.8 13.5 14.5 12.6 
27 16.0 15.1 242.5 228.2 257.6  ∑XY =  5703.0  14.6 15.4 16.3 14.4 
28 17.3 16.9 292.0 284.6 299.5  ∑X^2 =  5472.3  16.5 17.2 18.2 16.3 
29 19.3 18.3 351.8 333.2 371.4  
(∑X)^2 
=  61398.1  18.3 19.1 20.1 18.2 
30 20.7 19.7 408.2 388.2 429.3  ∑Y^2 =  5945.8  20.1 21.0 21.9 20.0 
31 22.4 21.4 478.6 456.0 502.4  (∑Y)^2 =  66844.1  21.9 22.8 23.8 21.9 
32 24.3 22.8 553.5 519.4 589.7  N =  12  23.7 24.7 25.7 23.7 
33 25.9 24.1 624.6 580.7 671.9       25.5 26.6 27.5 25.6 
34 27.2 26.1 711.1 683.1 740.2  A =  0.40  27.4 28.4 29.4 27.5 
35 28.4 28.2 800.1 795.3 805.0  B =  1.024  29.2 30.3 31.2 29.3 
36 30.4 29.5 896.5 870.1 923.6  Syx = 0.48  31.0 32.1 33.1 31.2 
37 13.8 13.6 187.2 184.3 190.2  ∑Y =  264.8  13.0 13.0 14.2 11.8 
38 15.5 14.9 230.5 222.3 239.1  ∑X =  257.2  14.6 14.8 16.0 13.6 
39 16.7 16.6 277.9 276.4 279.5  ∑XY =  5979.0  16.3 16.5 17.7 15.3 
40 18.0 18.2 326.9 330.4 323.3  ∑X^2 =  5795.7  17.9 18.3 19.5 17.1 
41 19.8 19.4 383.4 376.7 390.3  
(∑X)^2 
=  66132.6  19.5 20.0 21.2 18.9 
42 21.2 20.5 434.9 422.2 448.0  ∑Y^2 =  6172.1  21.2 21.8 23.0 20.6 
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43 22.7 22.5 509.5 505.3 513.7  (∑Y)^2 =  70094.6  22.8 23.6 24.7 22.4 
44 24.5 23.5 574.7 552.2 598.3  N =  12  24.5 25.3 26.5 24.1 
45 25.8 24.7 637.7 612.3 664.1       26.1 27.1 28.3 25.9 
46 27.5 26.2 721.7 688.9 756.1  A =  -0.92  27.7 28.8 30.0 27.6 
47 29.5 27.2 804.2 741.5 872.2  B =  1.072  29.4 30.6 31.8 29.4 
48 30.0 29.7 890.3 883.2 897.5  Syx = 0.60  31.0 32.3 33.5 31.1 
49 14.8 14.7 218.2 216.9 219.6  ∑Y =  271.7  14.0 14.2 15.3 13.2 
50 16.2 16.1 260.6 258.9 262.3  ∑X =  265.1  15.5 15.8 16.9 14.8 
51 17.7 17.4 307.2 302.0 312.6  ∑XY =  6271.0  17.1 17.5 18.5 16.4 
52 19.0 18.8 356.6 351.8 361.5  ∑X^2 =  6116.1  18.6 19.1 20.1 18.1 
53 20.3 20.2 411.1 408.4 414.0  
(∑X)^2 
=  70266.5  20.2 20.7 21.7 19.7 
54 22.1 21.4 473.3 459.6 487.5  ∑Y^2 =  6432.4  21.7 22.3 23.3 21.3 
55 23.7 22.4 531.0 503.4 560.2  (∑Y)^2 =  73795.5  23.3 23.9 24.9 22.9 
56 25.0 24.2 604.6 585.3 624.6  N =  12  24.8 25.5 26.5 24.5 
57 26.6 25.0 665.4 626.6 706.6       26.4 27.1 28.1 26.1 
58 27.8 26.7 739.5 710.2 770.1  A =  -0.27  27.9 28.7 29.7 27.7 
59 28.6 28.3 810.9 801.3 820.6  B =  1.037  29.5 30.3 31.3 29.3 
60 29.9 29.9 892.4 891.7 893.0  Syx = 0.50  31.0 31.9 32.9 30.9 
61 16.0 16.0 257.2 257.6 256.9  ∑Y =  275.4  15.0 14.8 15.2 14.3 
62 17.0 17.3 294.7 299.6 290.0  ∑X =  276.7  16.5 16.3 16.7 15.8 
63 18.5 18.7 344.8 348.2 341.3  ∑XY =  6579.2  17.9 17.7 18.2 17.3 
64 19.8 20.0 396.6 399.5 393.7  ∑X^2 =  6607.6  19.4 19.2 19.7 18.7 
65 21.2 21.2 450.8 451.0 450.5  
(∑X)^2 
=  76583.3  20.8 20.7 21.1 20.2 
66 22.4 22.4 500.7 499.6 501.7  ∑Y^2 =  6551.4  22.3 22.1 22.6 21.7 
67 23.5 23.8 560.2 565.9 554.5  (∑Y)^2 =  75834.0  23.7 23.6 24.1 23.2 
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68 24.6 25.2 620.5 635.0 606.3  N =  12  25.2 25.1 25.6 24.6 
69 26.1 26.3 686.7 690.9 682.5       26.6 26.6 27.0 26.1 
70 27.2 27.5 748.1 755.0 741.2  A =  -0.40  28.1 28.0 28.5 27.6 
71 28.9 28.7 829.4 822.1 836.8  B =  1.013  29.5 29.5 30.0 29.1 
72 29.9 29.7 889.5 883.2 895.9  Syx = 0.23  31.0 31.0 31.4 30.5 
85 8.3 8.1 67.8 66.4 69.2  ∑Y =  227.1  8.0 8.2 8.7 7.7 
86 10.3 10.0 103.2 99.8 106.8  ∑X =  223.1  10.1 10.3 10.8 9.8 
87 12.4 12.2 150.9 148.1 153.8  ∑XY =  4730.1  12.2 12.4 12.9 11.9 
88 14.2 13.9 196.9 193.5 200.4  ∑X^2 =  4649.4  14.3 14.6 15.1 14.1 
89 16.3 15.8 257.6 250.9 264.5  
(∑X)^2 
=  49780.8  16.4 16.7 17.2 16.2 
90 17.9 17.7 317.2 312.6 321.8  ∑Y^2 =  4812.9  18.5 18.8 19.3 18.3 
91 20.0 19.6 392.1 385.3 399.1  (∑Y)^2 =  51590.4  20.5 20.9 21.4 20.4 
92 21.8 21.6 470.4 466.5 474.3  N =  12  22.6 23.0 23.5 22.5 
93 24.0 23.5 562.5 551.1 574.1       24.7 25.1 25.6 24.6 
94 25.3 25.3 638.9 639.3 638.6  A =  0.11  26.8 27.3 27.7 26.8 
95 27.8 26.8 744.1 717.1 772.2  B =  1.012  28.9 29.4 29.9 28.9 
96 29.0 28.6 828.5 818.9 838.2  Syx = 0.25  31.0 31.5 32.0 31.0 
97 6.8 6.6 45.1 43.7 46.6  ∑Y =  220.2  6.0 6.4 6.9 5.8 
98 8.9 8.7 76.8 75.1 78.5  ∑X =  214.8  8.3 8.6 9.2 8.1 
99 11.1 10.7 118.0 113.6 122.6  ∑XY =  4550.1  10.5 10.9 11.4 10.4 
100 13.2 12.5 166.2 157.5 175.4  ∑X^2 =  4449.3  12.8 13.2 13.7 12.7 
101 15.4 14.8 227.0 218.6 235.7  
(∑X)^2 
=  46139.2  15.1 15.5 16.0 15.0 
102 17.5 16.9 296.2 284.9 308.0  ∑Y^2 =  4654.0  17.4 17.8 18.3 17.3 
103 19.3 19.1 369.5 364.8 374.2  (∑Y)^2 =  48474.8  19.6 20.1 20.6 19.6 
104 21.8 21.3 463.9 453.9 474.2  N =  12  21.9 22.4 22.9 21.9 
163 
 
105 23.4 22.9 536.0 526.6 545.6       24.2 24.7 25.2 24.2 
106 25.3 25.2 638.9 636.5 641.3  A =  0.31  26.5 27.0 27.5 26.5 
107 28.0 27.0 756.8 730.8 783.7  B =  1.008  28.7 29.3 29.8 28.8 
108 29.5 29.0 855.7 843.5 868.1  Syx = 0.25  31.0 31.5 32.1 31.0 
109 5.1 5.0 25.8 25.5 26.1  ∑Y =  209.1  5.0 5.1 5.8 4.5 
110 7.3 7.3 53.1 53.0 53.1  ∑X =  207.8  7.4 7.5 8.1 6.9 
111 9.6 9.7 93.1 94.3 91.9  ∑XY =  4326.1  9.7 9.9 10.5 9.2 
112 11.9 11.8 139.7 138.7 140.8  ∑X^2 =  4306.0  12.1 12.2 12.8 11.6 
113 14.2 14.0 199.4 196.3 202.5  
(∑X)^2 
=  43162.7  14.5 14.6 15.2 13.9 
114 16.4 16.2 265.3 261.7 269.1  ∑Y^2 =  4347.4  16.8 16.9 17.6 16.3 
115 18.7 18.3 342.3 336.6 348.1  (∑Y)^2 =  43705.3  19.2 19.3 19.9 18.7 
116 20.9 20.4 426.3 416.1 436.9  N =  12  21.5 21.6 22.3 21.0 
117 23.1 22.8 525.3 519.0 531.6       23.9 24.0 24.6 23.4 
118 25.4 24.9 633.5 621.9 645.4  A =  0.17  26.3 26.4 27.0 25.7 
119 27.1 27.6 748.7 764.3 733.5  B =  0.997  28.6 28.7 29.3 28.1 
120 29.5 29.6 873.6 878.7 868.5  Syx = 0.31  31.0 31.1 31.7 30.4 
121 3.5 3.5 12.2 12.1 12.2  ∑Y =  198.6  3.0 2.7 3.5 1.9 
122 5.6 6.2 35.0 38.4 31.9  ∑X =  199.2  5.5 5.3 6.1 4.5 
123 8.4 8.4 70.8 70.8 70.7  ∑XY =  4090.7  8.1 7.9 8.7 7.0 
124 10.8 10.6 113.6 111.3 115.8  ∑X^2 =  4084.5  10.6 10.5 11.3 9.6 
125 12.8 13.3 170.7 177.2 164.4  
(∑X)^2 
=  39675.8  13.2 13.1 13.9 12.2 
126 15.3 15.6 239.1 243.2 235.1  ∑Y^2 =  4098.9  15.7 15.7 16.5 14.8 
127 18.0 18.1 325.3 325.9 324.7  (∑Y)^2 =  39461.3  18.3 18.3 19.1 17.4 
128 19.7 20.5 402.1 418.5 386.4  N =  12  20.8 20.9 21.7 20.0 
129 22.4 22.3 501.2 498.5 503.9       23.4 23.4 24.3 22.6 
164 
 
130 25.2 24.4 616.9 597.3 637.1  A =  -0.37  25.9 26.0 26.9 25.2 
131 27.2 27.0 735.6 730.8 740.6  B =  1.019  28.5 28.6 29.5 27.8 
132 29.6 29.3 868.3 860.5 876.1  Syx = 0.42  31.0 31.2 32.1 30.4 
133 2.0 1.9 3.8 3.6 3.9  ∑Y =  190.7  1.5 1.0 1.7 0.3 
134 4.5 4.6 20.5 21.2 19.8  ∑X =  192.6  4.2 3.8 4.5 3.1 
135 6.6 7.6 50.2 57.1 44.1  ∑XY =  3972.5  6.9 6.5 7.2 5.8 
136 9.3 10.1 93.7 101.1 86.8  ∑X^2 =  3983.1  9.5 9.3 10.0 8.5 
137 12.2 12.6 153.8 159.7 148.0  
(∑X)^2 
=  37086.6  12.2 12.0 12.7 11.3 
138 14.9 14.7 218.5 216.1 220.9  ∑Y^2 =  3963.9  14.9 14.7 15.4 14.0 
139 17.0 17.3 294.3 298.8 289.9  (∑Y)^2 =  36379.4  17.6 17.5 18.2 16.8 
140 19.9 20.0 398.1 401.6 394.6  N =  12  20.3 20.2 20.9 19.5 
141 22.4 22.3 498.1 495.1 501.0       23.0 22.9 23.7 22.2 
142 25.0 24.7 616.0 608.4 623.7  A =  -0.50  25.6 25.7 26.4 25.0 
143 27.5 27.2 747.1 739.9 754.3  B =  1.021  28.3 28.4 29.1 27.7 
144 29.6 29.7 878.6 880.4 876.8  Syx = 0.36  31.0 31.2 31.9 30.5 
157 9.1 8.9 81.3 80.0 82.7  ∑Y =  231.3  8.5 9.1 9.5 8.6 
158 11.2 10.6 118.4 111.9 125.3  ∑X =  225.0  10.5 11.1 11.6 10.6 
159 13.0 12.2 158.8 149.8 168.2  ∑XY =  4797.5  12.6 13.1 13.6 12.7 
160 14.9 14.2 211.0 201.3 221.3  ∑X^2 =  4680.6  14.6 15.2 15.6 14.7 
161 16.5 15.7 259.8 247.2 272.9  
(∑X)^2 
=  50604.4  16.7 17.2 17.7 16.8 
162 18.6 17.9 332.4 319.7 345.6  ∑Y^2 =  4918.2  18.7 19.3 19.7 18.8 
163 20.6 20.0 411.7 400.8 422.9  (∑Y)^2 =  53498.1  20.8 21.3 21.8 20.8 
164 22.1 21.9 484.3 480.9 487.8  N =  12  22.8 23.3 23.8 22.9 
165 23.7 23.2 551.7 540.0 563.7       24.9 25.4 25.8 24.9 
166 25.8 25.5 657.5 650.9 664.1  A =  0.61  26.9 27.4 27.9 26.9 
165 
 
167 27.0 26.4 711.0 695.9 726.5  B =  0.996  29.0 29.4 29.9 29.0 
168 28.9 28.3 819.5 802.3 837.1  Syx = 0.23  31.0 31.5 31.9 31.0 
169 8.2 8.1 66.8 65.7 68.0  ∑Y =  226.6  8.0 8.2 8.7 7.7 
170 10.2 10.1 103.6 102.8 104.4  ∑X =  223.6  10.1 10.3 10.8 9.8 
171 12.2 11.8 143.6 138.9 148.4  ∑XY =  4746.1  12.2 12.4 12.9 11.9 
172 14.0 13.8 194.5 191.8 197.2  ∑X^2 =  4686.8  14.3 14.5 15.0 14.0 
173 15.9 16.1 255.4 257.7 253.0  
(∑X)^2 
=  50010.5  16.4 16.6 17.1 16.1 
174 18.0 17.7 319.1 313.5 324.8  ∑Y^2 =  4806.7  18.5 18.7 19.2 18.2 
175 20.1 19.4 388.5 374.5 403.0  (∑Y)^2 =  51345.1  20.5 20.8 21.3 20.3 
176 21.8 21.5 468.1 461.4 474.8  N =  12  22.6 22.9 23.4 22.4 
177 23.5 23.5 551.8 550.4 553.1       24.7 25.0 25.5 24.5 
178 25.7 25.7 661.4 661.0 661.9  A =  0.10  26.8 27.1 27.6 26.6 
179 27.6 27.1 748.7 733.8 763.8  B =  1.008  28.9 29.2 29.7 28.7 
180 29.2 28.9 844.8 835.4 854.2  Syx = 0.25  31.0 31.3 31.8 30.8 
181 7.4 7.4 54.6 54.4 54.7  ∑Y =  199.5  7.0 7.2 7.6 6.7 
182 9.4 9.2 87.0 85.5 88.4  ∑X =  195.7  9.4 9.6 10.1 9.2 
183 11.6 11.1 129.1 122.8 135.7  ∑XY =  4092.9  11.8 12.1 12.5 11.6 
184 13.6 13.4 182.6 179.3 185.8  ∑X^2 =  4017.4  14.2 14.5 15.0 14.0 
185 15.4 15.6 239.2 242.6 235.8  
(∑X)^2 
=  38293.1  16.6 16.9 17.4 16.5 
186 17.6 17.4 306.2 301.9 310.5  ∑Y^2 =  4171.6  19.0 19.4 19.8 18.9 
187 19.6 19.3 378.7 372.0 385.6  (∑Y)^2 =  39793.6  21.4 21.8 22.3 21.3 
188 22.0 20.9 459.8 438.1 482.5  N =  11  23.8 24.2 24.7 23.8 
190 25.8 24.8 640.5 616.7 665.1  A =  0.08  26.2 26.7 27.1 26.2 
191 27.8 27.1 753.5 734.2 773.3  B =  1.015  28.6 29.1 29.6 28.6 
192 29.2 29.5 861.9 869.8 854.1  Syx = 0.44  31.0 31.5 32.0 31.1 
166 
 
193 6.4 6.3 40.5 39.5 41.5  ∑Y =  217.4  6.0 6.0 6.7 5.4 
194 8.5 8.4 70.7 69.7 71.7  ∑X =  214.4  8.3 8.4 9.0 7.7 
195 10.6 10.6 112.9 112.5 113.4  ∑XY =  4515.4  10.5 10.7 11.3 10.0 
196 12.9 12.7 164.8 161.9 167.6  ∑X^2 =  4451.1  12.8 13.0 13.6 12.3 
197 14.9 14.9 221.3 221.6 221.1  
(∑X)^2 
=  45966.6  15.1 15.3 15.9 14.6 
198 16.9 17.0 286.1 288.1 284.1  ∑Y^2 =  4581.7  17.4 17.6 18.2 17.0 
199 19.3 19.0 366.1 360.8 371.5  (∑Y)^2 =  47254.9  19.6 19.9 20.6 19.3 
200 21.4 21.2 453.9 448.0 459.8  N =  12  21.9 22.2 22.9 21.6 
201 23.6 22.8 538.4 519.6 557.9       24.2 24.5 25.2 23.9 
202 25.6 25.2 644.5 635.8 653.4  A =  -0.07  26.5 26.9 27.5 26.2 
203 27.9 27.0 754.7 729.1 781.2  B =  1.018  28.7 29.2 29.8 28.5 
204 29.3 29.4 861.5 864.5 858.4  Syx = 0.32  31.0 31.5 32.1 30.8 
205 5.6 5.4 30.3 29.6 31.1  ∑Y =  213.3  5.0 5.1 5.5 4.7 
206 7.8 7.6 59.9 58.4 61.4  ∑X =  209.6  7.4 7.5 7.9 7.1 
207 10.0 9.6 96.4 92.7 100.2  ∑XY =  4430.4  9.7 9.9 10.3 9.5 
208 12.2 11.9 145.8 142.3 149.4  ∑X^2 =  4353.2  12.1 12.3 12.7 11.9 
209 14.4 14.2 203.4 200.6 206.2  
(∑X)^2 
=  43914.6  14.5 14.7 15.1 14.3 
210 16.6 16.4 272.2 269.7 274.8  ∑Y^2 =  4509.5  16.8 17.1 17.5 16.7 
211 18.7 18.7 350.5 350.2 350.8  (∑Y)^2 =  45514.1  19.2 19.5 19.9 19.1 
212 20.8 20.7 430.2 428.4 432.0  N =  12  21.5 21.9 22.3 21.5 
213 23.4 22.6 528.4 510.9 546.5       23.9 24.3 24.7 23.9 
214 25.4 25.0 634.8 625.9 643.9  A =  0.03  26.3 26.7 27.1 26.3 
215 28.1 27.5 772.7 754.6 791.2  B =  1.016  28.6 29.1 29.5 28.7 
216 30.4 29.8 905.8 889.8 922.1  Syx = 0.21  31.0 31.5 32.0 31.1 
       ∑Y =  3686.1  1.0 1.0 1.9 0.1 
167 
 
     Samples 1-216 ∑X =  3623.6  3.7 3.8 4.7 2.9 
       ∑XY =  79036.9  6.5 6.6 7.5 5.7 
       ∑X^2 =  77695.0  9.2 9.3 10.2 8.5 
       
(∑X)^2 
=  13130181.9  11.9 12.1 13.0 11.2 
       ∑Y^2 =  80439.3  14.6 14.9 15.8 14.0 
       (∑Y)^2 =  13587507.4  17.4 17.7 18.6 16.8 
       N =  191  20.1 20.4 21.3 19.5 
            22.8 23.2 24.1 22.3 
       A =  0.00  25.5 26.0 26.9 25.1 
       B =  1.017  28.3 28.8 29.6 27.9 
       Syx = 0.44  31.0 31.5 32.4 30.6 
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HIGHER MOISTURE CONTENT FOR BENTONITE        
Linear 
regression 
line  Confidence lines 
Sample 
No: 
Moisture 
Content 
(%) by 
oven 
method 
[Y] 
Moisture 
Content 
(%) by 
microwave 
method 
[X] XY X^2 Y^2     X Y  Y_upper Y_lower  
217 35.4 34.5 1219.2 1189.2 1250.0  ∑Y =  1065.7  34.0 34.6 37.6 31.6 
218 41.5 38.8 1610.2 1502.6 1725.6  ∑X =  1059.5  39.4 40.0 43.0 37.0 
219 44.8 44.8 2004.5 2004.1 2004.8  ∑XY =  83029.7  44.9 45.4 48.4 42.4 
220 50.7 49.1 2492.0 2413.6 2573.0  ∑X^2 =  82623.6  50.3 50.8 53.8 47.8 
221 54.3 55.1 2996.0 3040.9 2951.7  
(∑X)^2 
=  1122518.1  55.7 56.2 59.2 53.2 
222 60.8 59.2 3594.6 3499.0 3692.8  ∑Y^2 =  83467.6  61.1 61.6 64.6 58.6 
223 64.3 66.0 4239.9 4350.5 4132.1  (∑Y)^2 =  1135782.4  66.6 67.0 70.0 64.0 
224 69.1 70.0 4837.5 4904.5 4771.4  N =  15  72.0 72.4 75.4 69.4 
225 74.2 74.8 5551.9 5596.3 5507.8       77.4 77.8 80.8 74.8 
226 77.7 79.6 6181.4 6331.5 6034.9  A =  0.73  82.9 83.2 86.2 80.2 
228 89.6 88.2 7902.8 7779.4 8028.2  B =  0.996  88.3 88.6 91.6 85.6 
229 93.3 93.2 8703.7 8694.7 8712.8  Syx = 1.49  93.7 94.0 97.0 91.0 
230 98.8 97.4 9622.5 9481.8 9765.4     99.1 99.4 102.4 96.4 
231 103.3 100.9 10429.4 10186.4 10678.2     104.6 104.8 107.8 101.8 
232 107.9 107.9 11644.1 11649.2 11638.9     110.0 110.2 113.2 107.3 
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HIGHER MOISTURE CONTENT FOR BENTONITE        
Linear 
regression 
line  Confidence lines 
Sample 
No: 
Moisture 
Content 
(%) by 
oven 
method 
[Y] 
Moisture 
Content 
(%) by 
microwave 
method 
[X] XY X^2 Y^2     X Y  Y_upper Y_lower  
233 113.9 109.5 12464.5 11979.4 12969.3  ∑Y =  5343.7  109.0 113.8 121.6 105.9 
234 116.4 118.0 13739.8 13928.9 13553.3  ∑X =  5208.6  114.3 119.0 126.9 111.2 
235 128.8 117.8 15171.7 13885.8 16576.6  ∑XY =  1010355.7  119.6 124.3 132.1 116.5 
236 128.8 126.0 16228.8 15885.5 16579.5  ∑X^2 =  986157.2  124.9 129.6 137.4 121.8 
237 136.0 128.6 17487.7 16533.0 18497.5  
(∑X)^2 
=  27129703.7  130.1 134.9 142.7 127.0 
238 140.7 135.8 19109.5 18433.8 19810.0  ∑Y^2 =  1035598.2  135.4 140.1 148.0 132.3 
335 141.9 143.8 20401.0 20665.8 20139.6  (∑Y)^2 =  28555341.0  140.7 145.4 153.3 137.6 
336 149.0 147.3 21945.1 21686.6 22206.8  N =  29  146.0 150.7 158.5 142.9 
337 154.8 150.1 23232.6 22529.4 23957.7       151.3 156.0 163.8 148.1 
338 158.8 157.5 25000.0 24792.8 25208.8  A =  4.90  156.6 161.3 169.1 153.4 
339 163.0 159.5 26004.1 25442.5 26578.0  B =  0.999  161.9 166.5 174.4 158.7 
340 168.3 162.1 27283.1 26287.6 28316.4  Syx = 3.92  167.1 171.8 179.7 164.0 
341 177.0 165.2 29235.0 27274.9 31335.9     172.4 177.1 184.9 169.3 
342 180.6 172.8 31207.6 29865.1 32610.4     177.7 182.4 190.2 174.5 
343 185.2 176.4 32677.9 31134.4 34298.0     183.0 187.7 195.5 179.8 
344 187.2 185.7 34761.8 34497.5 35028.1     188.3 192.9 200.8 185.1 
170 
 
345 197.2 188.0 37078.2 35354.7 38885.7     193.6 198.2 206.0 190.4 
346 197.9 194.9 38574.7 38000.7 39157.3     198.9 203.5 211.3 195.7 
347 204.2 197.2 40281.9 38907.1 41705.2     204.1 208.8 216.6 200.9 
348 207.3 203.0 42077.2 41211.1 42961.6     209.4 214.0 221.9 206.2 
349 212.4 206.7 43890.5 42707.2 45106.7     214.7 219.3 227.2 211.5 
350 216.5 213.3 46186.3 45493.5 46889.6     220.0 224.6 232.4 216.8 
351 224.9 214.9 48318.3 46169.5 50567.1     225.3 229.9 237.7 222.0 
352 225.6 222.8 50268.8 49642.8 50902.7     230.6 235.2 243.0 227.3 
354 231.7 232.4 53856.5 54029.0 53684.6     235.9 240.4 248.3 232.6 
355 237.2 240.0 56928.2 57602.5 56261.8     241.1 245.7 253.6 237.9 
356 249.6 240.7 60095.6 57959.2 62310.6     246.4 251.0 258.8 243.2 
357 252.9 249.0 62970.9 62000.5 63956.6     251.7 256.3 264.1 248.4 
358 256.0 249.5 63878.4 62256.4 65542.6     257.0 261.6 269.4 253.7 
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HIGHER MOISTURE CONTENT FOR KAOLINITE .        
Linear 
regression 
line  Confidence lines 
Sample 
No: 
Moisture 
Content 
(%) by 
oven 
method 
[Y] 
Moisture 
Content 
(%) by 
microwave 
method 
[X] XY X^2 Y^2     X Y  Y_upper Y_lower  
133 2.0 1.9 3.8 3.6 3.9  ∑Y =  490.0  1.5 1.1 1.7 0.5 
134 4.5 4.6 20.5 21.2 19.8  ∑X =  490.2  5.2 4.9 5.5 4.3 
135 6.6 7.6 50.2 57.1 44.1  ∑XY =  19527.2  9.0 8.7 9.3 8.1 
136 9.3 10.1 93.7 101.1 86.8  ∑X^2 =  19437.3  12.7 12.5 13.1 11.8 
137 12.2 12.6 153.8 159.7 148.0  
(∑X)^2 
=  240342.2  16.4 16.3 16.9 15.6 
138 14.9 14.7 218.5 216.1 220.9  ∑Y^2 =  19620.2  20.2 20.1 20.7 19.4 
139 17.0 17.3 294.3 298.8 289.9  (∑Y)^2 =  240140.5  23.9 23.8 24.5 23.2 
140 19.9 20.0 398.1 401.6 394.6  N =  18  27.6 27.6 28.3 27.0 
141 22.4 22.3 498.1 495.1 501.0       31.4 31.4 32.1 30.8 
142 25.0 24.7 616.0 608.4 623.7  A =  -0.44  35.1 35.2 35.8 34.6 
143 27.5 27.2 747.1 739.9 754.3  B =  1.016  38.9 39.0 39.6 38.4 
144 29.6 29.7 878.6 880.4 876.8  Syx = 0.31  42.6 42.8 43.4 42.2 
239 34.5 34.6 1196.2 1200.6 1191.9     46.3 46.6 47.2 46.0 
240 40.0 39.8 1591.7 1584.7 1598.8     50.1 50.4 51.0 49.8 
241 44.5 44.6 1985.3 1990.2 1980.3     53.8 54.2 54.8 53.6 
243 54.9 54.6 2996.7 2975.7 3017.7     57.5 58.0 58.6 57.4 
244 60.5 59.9 3625.4 3589.1 3662.0     61.3 61.8 62.4 61.2 
172 
 
245 64.9 64.1 4159.4 4113.7 4205.6     65 65.6 66.2 65.0 
              
              
              
              
              
ORGANIC MATERIAL (PEAT MOSS)       
Linear 
regression 
line  Confidence lines 
Sample 
No: 
Moisture 
Content 
(%) by 
oven 
method 
[Y] 
Moisture 
Content 
(%) by 
microwave 
method 
[X] XY X^2 Y^2     X Y  Y_upper Y_lower  
251 17.4 17.1 297.2 292.7 301.7  ∑Y =  395.6  17.0 17.3 18.2 16.5 
252 20.1 19.7 396.7 389.3 404.3  ∑X =  392.0  20.0 20.3 21.2 19.5 
253 23.0 22.5 517.4 505.5 529.5  ∑XY =  14085.3  23.0 23.3 24.2 22.5 
254 26.1 25.7 671.2 662.4 680.2  ∑X^2 =  13966.8  26.0 26.3 27.2 25.5 
255 28.4 28.2 801.7 797.3 806.1  
(∑X)^2 
=  153661.5  29.0 29.3 30.2 28.5 
256 31.7 31.3 993.1 982.2 1004.1  ∑Y^2 =  14206.8  32.0 32.3 33.2 31.4 
257 34.3 34.0 1164.6 1153.8 1175.6  (∑Y)^2 =  156535.1  35.0 35.3 36.2 34.4 
258 36.9 37.1 1368.2 1374.6 1361.8  N =  12  38.0 38.3 39.2 37.4 
259 40.3 40.0 1614.5 1602.0 1627.1       41.0 41.3 42.2 40.4 
260 42.7 43.0 1833.9 1845.4 1822.5  A =  0.32  44.0 44.3 45.2 43.4 
173 
 
261 46.3 44.9 2081.5 2019.8 2145.0  B =  0.999  47.0 47.3 48.2 46.4 
262 48.5 48.4 2345.3 2341.9 2348.8  Syx = 0.43  50.0 50.3 51.2 49.4 
263 25.4 24.5 622.5 601.0 644.9  ∑Y =  507.5  24.0 25.4 26.7 24.2 
264 28.7 27.1 777.5 732.5 825.3  ∑X =  495.0  27.2 28.5 29.8 27.3 
265 31.9 31.2 994.6 973.2 1016.5  ∑XY =  22250.4  30.4 31.7 32.9 30.4 
266 35.2 33.1 1164.9 1092.6 1242.0  ∑X^2 =  21764.3  33.5 34.8 36.0 33.5 
267 37.8 36.7 1387.0 1344.7 1430.7  
(∑X)^2 
=  245013.3  36.7 37.9 39.1 36.6 
268 40.8 39.5 1610.3 1560.0 1662.1  ∑Y^2 =  22754.4  39.9 41.0 42.3 39.7 
269 43.9 43.9 1930.2 1931.4 1928.9  (∑Y)^2 =  257573.2  43.1 44.1 45.4 42.8 
270 47.1 45.1 2127.0 2036.2 2221.9  N =  12  46.3 47.2 48.5 45.9 
271 49.1 48.4 2377.4 2345.0 2410.2       49.5 50.3 51.6 49.0 
272 52.7 52.0 2740.2 2704.7 2776.2  A =  1.98  52.6 53.4 54.7 52.1 
273 56.4 55.4 3127.0 3071.0 3184.0  B =  0.977  55.8 56.5 57.8 55.3 
274 58.4 58.1 3391.8 3371.9 3411.7  Syx = 0.64  59.0 59.6 60.9 58.4 
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Appendix I: Data for adjusted moisture contents using correlation 
data 
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FINE-GRAINED SILTY SOIL AND CLAYS UP TO 30% 
M.C.         
Sample 
No: 
Moisture 
Content 
(%) by 
oven 
method 
[Y] 
Moisture 
Content 
(%) by 
microwave 
method 
[X] 
Difference 
(%)  A B  
Adjusted 
Microwave 
Moisture 
Content 
(%) 
Difference 
between 
Adjusted 
microwave 
MC and 
Oven MC  
Sample 
No: 
Absolute 
difference 
between 
oven and 
microwave 
oven 
results (%) 
Absolute 
difference 
between 
oven and 
adjusted 
microwave 
oven 
results (%) 
Change in 
difference, 
+ 
improved, 
- worse 
(%) 
1 10.0 9.9 0.15 0.19 1.005 10.1 -0.09  1 0.15 0.09 0.06 
2 11.8 11.5 0.35   11.7 0.09  2 0.35 0.09 0.25 
3 13.6 13.1 0.42   13.4 0.15  3 0.42 0.15 0.26 
4 15.6 14.9 0.63   15.2 0.36  4 0.63 0.36 0.27 
5 17.3 16.9 0.31   17.2 0.03  5 0.31 0.03 0.28 
6 19.0 18.8 0.21   19.1 -0.08  6 0.21 0.08 0.13 
7 20.3 20.7 -0.48   21.0 -0.78  7 0.48 0.78 -0.30 
8 22.1 22.0 0.05   22.4 -0.26  8 0.05 0.26 -0.21 
9 23.6 23.3 0.33   23.6 0.01  9 0.33 0.01 0.32 
10 25.4 24.8 0.54   25.2 0.21  10 0.54 0.21 0.33 
11 26.9 26.5 0.38   26.9 0.04  11 0.38 0.04 0.33 
12 28.5 27.8 0.66   28.1 0.32  12 0.66 0.32 0.34 
13 11.3 10.9 0.44 0.87 0.987 11.6 -0.29  13 0.44 0.29 0.15 
14 13.1 12.5 0.61   13.2 -0.09  14 0.61 0.09 0.52 
15 15.2 14.4 0.77   15.1 0.08  15 0.77 0.08 0.68 
16 16.5 16.1 0.38   16.8 -0.28  16 0.38 0.28 0.10 
17 18.3 17.6 0.75   18.2 0.11  17 0.75 0.11 0.64 
176 
 
18 19.8 19.5 0.31   20.1 -0.30  18 0.31 0.30 0.01 
19 21.8 20.6 1.22   21.2 0.62  19 1.22 0.62 0.60 
20 23.5 22.3 1.21   22.9 0.63  20 1.21 0.63 0.58 
21 25.0 23.9 1.10   24.4 0.54  21 1.10 0.54 0.56 
22 26.3 25.9 0.33   26.5 -0.20  22 0.33 0.20 0.12 
23 27.6 28.0 -0.41   28.5 -0.91  23 0.41 0.91 -0.50 
24 29.7 29.1 0.57   29.6 0.09  24 0.57 0.09 0.49 
25 12.5 12.1 0.43 0.40 1.024 12.8 -0.26  25 0.43 0.26 0.17 
26 14.1 13.7 0.40   14.4 -0.33  26 0.40 0.33 0.07 
27 16.0 15.1 0.94   15.9 0.18  27 0.94 0.18 0.76 
28 17.3 16.9 0.44   17.7 -0.37  28 0.44 0.37 0.07 
29 19.3 18.3 1.02   19.1 0.18  29 1.02 0.18 0.84 
30 20.7 19.7 1.02   20.6 0.14  30 1.02 0.14 0.87 
31 22.4 21.4 1.06   22.3 0.15  31 1.06 0.15 0.91 
32 24.3 22.8 1.49   23.7 0.55  32 1.49 0.55 0.95 
33 25.9 24.1 1.82   25.1 0.84  33 1.82 0.84 0.98 
34 27.2 26.1 1.07   27.2 0.04  34 1.07 0.04 1.03 
35 28.4 28.2 0.17   29.3 -0.91  35 0.17 0.91 -0.74 
36 30.4 29.5 0.89   30.6 -0.22  36 0.89 0.22 0.68 
37 13.8 13.6 0.21 
-
0.92 1.072 13.6 0.15  37 0.21 0.15 0.06 
38 15.5 14.9 0.55   15.1 0.39  38 0.55 0.39 0.16 
39 16.7 16.6 0.09   16.9 -0.19  39 0.09 0.19 -0.10 
40 18.0 18.2 -0.20   18.6 -0.59  40 0.20 0.59 -0.40 
41 19.8 19.4 0.35   19.9 -0.14  41 0.35 0.14 0.21 
42 21.2 20.5 0.62   21.1 0.05  42 0.62 0.05 0.57 
43 22.7 22.5 0.19   23.2 -0.52  43 0.19 0.52 -0.34 
177 
 
44 24.5 23.5 0.96   24.3 0.18  44 0.96 0.18 0.78 
45 25.8 24.7 1.03   25.6 0.15  45 1.03 0.15 0.87 
46 27.5 26.2 1.25   27.2 0.27  46 1.25 0.27 0.98 
47 29.5 27.2 2.30   28.3 1.25  47 2.30 1.25 1.05 
48 30.0 29.7 0.24   31.0 -0.99  48 0.24 0.99 -0.76 
49 14.8 14.7 0.09 
-
0.27 1.037 15.0 -0.18  49 0.09 0.18 -0.09 
50 16.2 16.1 0.11   16.4 -0.22  50 0.11 0.22 -0.11 
51 17.7 17.4 0.30   17.8 -0.07  51 0.30 0.07 0.23 
52 19.0 18.8 0.26   19.2 -0.17  52 0.26 0.17 0.09 
53 20.3 20.2 0.14   20.7 -0.34  53 0.14 0.34 -0.20 
54 22.1 21.4 0.64   22.0 0.12  54 0.64 0.12 0.52 
55 23.7 22.4 1.23   23.0 0.67  55 1.23 0.67 0.56 
56 25.0 24.2 0.80   24.8 0.17  56 0.80 0.17 0.63 
57 26.6 25.0 1.55   25.7 0.89  57 1.55 0.89 0.66 
58 27.8 26.7 1.10   27.4 0.38  58 1.10 0.38 0.72 
59 28.6 28.3 0.34   29.1 -0.44  59 0.34 0.44 -0.10 
60 29.9 29.9 0.02   30.7 -0.82  60 0.02 0.82 -0.80 
61 16.0 16.0 -0.02 
-
0.40 1.013 15.8 0.18  61 0.02 0.18 -0.16 
62 17.0 17.3 -0.28   17.1 -0.10  62 0.28 0.10 0.19 
63 18.5 18.7 -0.19   18.5 -0.02  63 0.19 0.02 0.17 
64 19.8 20.0 -0.15   19.8 0.01  64 0.15 0.01 0.14 
65 21.2 21.2 -0.01   21.1 0.12  65 0.01 0.12 -0.11 
66 22.4 22.4 0.05   22.2 0.17  66 0.05 0.17 -0.12 
67 23.5 23.8 -0.24   23.7 -0.14  67 0.24 0.14 0.10 
68 24.6 25.2 -0.57   25.1 -0.49  68 0.57 0.49 0.09 
178 
 
69 26.1 26.3 -0.16   26.2 -0.09  69 0.16 0.09 0.07 
70 27.2 27.5 -0.25   27.4 -0.19  70 0.25 0.19 0.06 
71 28.9 28.7 0.25   28.6 0.30  71 0.25 0.30 -0.04 
72 29.9 29.7 0.21   29.7 0.24  72 0.21 0.24 -0.03 
85 8.3 8.1 0.17 0.11 1.012 8.4 -0.04  85 0.17 0.04 0.13 
86 10.3 10.0 0.34   10.2 0.11  86 0.34 0.11 0.23 
87 12.4 12.2 0.23   12.4 -0.03  87 0.23 0.03 0.20 
88 14.2 13.9 0.25   14.2 -0.03  88 0.25 0.03 0.22 
89 16.3 15.8 0.42   16.1 0.12  89 0.42 0.12 0.30 
90 17.9 17.7 0.26   18.0 -0.07  90 0.26 0.07 0.19 
91 20.0 19.6 0.35   20.0 0.00  91 0.35 0.00 0.35 
92 21.8 21.6 0.18   22.0 -0.19  92 0.18 0.19 -0.01 
93 24.0 23.5 0.49   23.9 0.09  93 0.49 0.09 0.39 
94 25.3 25.3 -0.01   25.7 -0.43  94 0.01 0.43 -0.42 
95 27.8 26.8 1.01   27.2 0.58  95 1.01 0.58 0.43 
96 29.0 28.6 0.34   29.1 -0.12  96 0.34 0.12 0.22 
97 6.8 6.6 0.21 0.31 1.008 7.0 -0.15  97 0.21 0.15 0.07 
98 8.9 8.7 0.20   9.0 -0.18  98 0.20 0.18 0.02 
99 11.1 10.7 0.42   11.0 0.03  99 0.42 0.03 0.39 
100 13.2 12.5 0.69   13.0 0.29  100 0.69 0.29 0.41 
101 15.4 14.8 0.57   15.2 0.15  101 0.57 0.15 0.42 
102 17.5 16.9 0.67   17.3 0.23  102 0.67 0.23 0.44 
103 19.3 19.1 0.25   19.6 -0.21  103 0.25 0.21 0.04 
104 21.8 21.3 0.47   21.8 0.00  104 0.47 0.00 0.47 
105 23.4 22.9 0.41   23.4 -0.08  105 0.41 0.08 0.33 
106 25.3 25.2 0.10   25.7 -0.41  106 0.10 0.41 -0.31 
107 28.0 27.0 0.96   27.6 0.44  107 0.96 0.44 0.52 
179 
 
108 29.5 29.0 0.42   29.6 -0.11  108 0.42 0.11 0.31 
109 5.1 5.0 0.06 0.17 0.997 5.2 -0.09  109 0.06 0.09 -0.02 
110 7.3 7.3 0.01   7.4 -0.14  110 0.01 0.14 -0.13 
111 9.6 9.7 -0.12   9.8 -0.26  111 0.12 0.26 -0.13 
112 11.9 11.8 0.09   11.9 -0.04  112 0.09 0.04 0.05 
113 14.2 14.0 0.22   14.1 0.10  113 0.22 0.10 0.12 
114 16.4 16.2 0.23   16.3 0.12  114 0.23 0.12 0.11 
115 18.7 18.3 0.31   18.5 0.20  115 0.31 0.20 0.11 
116 20.9 20.4 0.50   20.5 0.41  116 0.50 0.41 0.10 
117 23.1 22.8 0.28   22.9 0.19  117 0.28 0.19 0.09 
118 25.4 24.9 0.47   25.0 0.38  118 0.47 0.38 0.08 
119 27.1 27.6 -0.56   27.7 -0.64  119 0.56 0.64 -0.07 
120 29.5 29.6 -0.17   29.7 -0.24  120 0.17 0.24 -0.07 
121 3.5 3.5 0.02 
-
0.37 1.019 3.2 0.32  121 0.02 0.32 -0.30 
122 5.6 6.2 -0.55   5.9 -0.30  122 0.55 0.30 0.25 
123 8.4 8.4 0.00   8.2 0.20  123 0.00 0.20 -0.20 
124 10.8 10.6 0.21   10.4 0.37  124 0.21 0.37 -0.16 
125 12.8 13.3 -0.49   13.2 -0.38  125 0.49 0.38 0.11 
126 15.3 15.6 -0.26   15.5 -0.20  126 0.26 0.20 0.06 
127 18.0 18.1 -0.03   18.0 -0.02  127 0.03 0.02 0.02 
128 19.7 20.5 -0.80   20.5 -0.83  128 0.80 0.83 -0.03 
129 22.4 22.3 0.12   22.4 0.05  129 0.12 0.05 0.07 
130 25.2 24.4 0.80   24.5 0.69  130 0.80 0.69 0.11 
131 27.2 27.0 0.18   27.2 0.02  131 0.18 0.02 0.16 
132 29.6 29.3 0.26   29.5 0.06  132 0.26 0.06 0.20 
180 
 
133 2.0 1.9 0.07 
-
0.50 1.021 1.4 0.52  133 0.07 0.52 -0.46 
134 4.5 4.6 -0.16   4.2 0.24  134 0.16 0.24 -0.09 
135 6.6 7.6 -0.92   7.2 -0.58  135 0.92 0.58 0.33 
136 9.3 10.1 -0.74   9.8 -0.46  136 0.74 0.46 0.28 
137 12.2 12.6 -0.47   12.4 -0.24  137 0.47 0.24 0.23 
138 14.9 14.7 0.16   14.5 0.35  138 0.16 0.35 -0.18 
139 17.0 17.3 -0.26   17.2 -0.13  139 0.26 0.13 0.13 
140 19.9 20.0 -0.18   20.0 -0.11  140 0.18 0.11 0.07 
141 22.4 22.3 0.13   22.2 0.15  141 0.13 0.15 -0.02 
142 25.0 24.7 0.31   24.7 0.28  142 0.31 0.28 0.03 
143 27.5 27.2 0.26   27.3 0.18  143 0.26 0.18 0.08 
144 29.6 29.7 -0.06   29.8 -0.20  144 0.06 0.20 -0.14 
157 9.1 8.9 0.15 0.61 0.996 9.5 -0.42  157 0.15 0.42 -0.27 
158 11.2 10.6 0.62   11.1 0.05  158 0.62 0.05 0.56 
159 13.0 12.2 0.73   12.8 0.17  159 0.73 0.17 0.56 
160 14.9 14.2 0.69   14.7 0.14  160 0.69 0.14 0.55 
161 16.5 15.7 0.80   16.3 0.26  161 0.80 0.26 0.54 
162 18.6 17.9 0.71   18.4 0.18  162 0.71 0.18 0.53 
163 20.6 20.0 0.54   20.5 0.02  163 0.54 0.02 0.52 
164 22.1 21.9 0.16   22.4 -0.36  164 0.16 0.36 -0.20 
165 23.7 23.2 0.51   23.7 0.00  165 0.51 0.00 0.50 
166 25.8 25.5 0.26   26.0 -0.24  166 0.26 0.24 0.02 
167 27.0 26.4 0.57   26.9 0.08  167 0.57 0.08 0.50 
168 28.9 28.3 0.61   28.8 0.12  168 0.61 0.12 0.49 
169 8.2 8.1 0.14 0.10 1.008 8.3 -0.02  169 0.14 0.02 0.12 
170 10.2 10.1 0.08   10.3 -0.11  170 0.08 0.11 -0.03 
181 
 
171 12.2 11.8 0.40   12.0 0.21  171 0.40 0.21 0.19 
172 14.0 13.8 0.20   14.1 -0.01  172 0.20 0.01 0.18 
173 15.9 16.1 -0.15   16.3 -0.37  173 0.15 0.37 -0.23 
174 18.0 17.7 0.32   17.9 0.08  174 0.32 0.08 0.24 
175 20.1 19.4 0.72   19.6 0.47  175 0.72 0.47 0.25 
176 21.8 21.5 0.31   21.7 0.04  176 0.31 0.04 0.27 
177 23.5 23.5 0.06   23.7 -0.23  177 0.06 0.23 -0.17 
178 25.7 25.7 0.02   26.0 -0.28  178 0.02 0.28 -0.27 
179 27.6 27.1 0.55   27.4 0.24  179 0.55 0.24 0.31 
180 29.2 28.9 0.32   29.2 0.00  180 0.32 0.00 0.32 
181 7.4 7.4 0.02 0.08 1.015 7.6 -0.17  181 0.02 0.17 -0.14 
182 9.4 9.2 0.15   9.5 -0.07  182 0.15 0.07 0.09 
183 11.6 11.1 0.57   11.3 0.32  183 0.57 0.32 0.25 
184 13.6 13.4 0.24   13.7 -0.04  184 0.24 0.04 0.20 
185 15.4 15.6 -0.22   15.9 -0.53  185 0.22 0.53 -0.31 
186 17.6 17.4 0.25   17.7 -0.09  186 0.25 0.09 0.15 
187 19.6 19.3 0.35   19.7 -0.02  187 0.35 0.02 0.34 
188 22.0 20.9 1.03   21.3 0.64  188 1.03 0.64 0.39 
190 25.8 24.8 0.96   25.3 0.51  190 0.96 0.51 0.45 
191 27.8 27.1 0.71   27.6 0.23  191 0.71 0.23 0.48 
192 29.2 29.5 -0.27   30.0 -0.79  192 0.27 0.79 -0.52 
193 6.4 6.3 0.16 
-
0.07 1.018 6.3 0.12  193 0.16 0.12 0.04 
194 8.5 8.4 0.12   8.4 0.04  194 0.12 0.04 0.08 
195 10.6 10.6 0.04   10.7 -0.08  195 0.04 0.08 -0.03 
196 12.9 12.7 0.22   12.9 0.07  196 0.22 0.07 0.16 
197 14.9 14.9 -0.02   15.1 -0.21  197 0.02 0.21 -0.20 
182 
 
198 16.9 17.0 -0.12   17.2 -0.35  198 0.12 0.35 -0.23 
199 19.3 19.0 0.28   19.3 0.01  199 0.28 0.01 0.27 
200 21.4 21.2 0.28   21.5 -0.03  200 0.28 0.03 0.25 
201 23.6 22.8 0.83   23.1 0.49  201 0.83 0.49 0.34 
202 25.6 25.2 0.35   25.6 -0.03  202 0.35 0.03 0.31 
203 27.9 27.0 0.95   27.4 0.54  203 0.95 0.54 0.41 
204 29.3 29.4 -0.10   29.9 -0.56  204 0.10 0.56 -0.45 
205 5.6 5.4 0.13 0.03 1.016 5.6 0.01  205 0.13 0.01 0.12 
206 7.8 7.6 0.20   7.8 0.04  206 0.20 0.04 0.16 
207 10.0 9.6 0.38   9.8 0.19  207 0.38 0.19 0.19 
208 12.2 11.9 0.29   12.2 0.07  208 0.29 0.07 0.23 
209 14.4 14.2 0.20   14.4 -0.07  209 0.20 0.07 0.13 
210 16.6 16.4 0.15   16.7 -0.14  210 0.15 0.14 0.01 
211 18.7 18.7 0.01   19.1 -0.32  211 0.01 0.32 -0.31 
212 20.8 20.7 0.09   21.1 -0.28  212 0.09 0.28 -0.20 
213 23.4 22.6 0.78   23.0 0.38  213 0.78 0.38 0.40 
214 25.4 25.0 0.36   25.5 -0.08  214 0.36 0.08 0.28 
215 28.1 27.5 0.66   27.9 0.18  215 0.66 0.18 0.48 
216 30.4 29.8 0.54   30.3 0.02  216 0.54 0.02 0.52 
             
217 35.4 34.5 0.87 0.73 0.996 35.1 0.29  217 0.87 0.29 0.58 
218 41.5 38.8 2.78   39.3 2.22  218 2.78 2.22 0.56 
219 44.8 44.8 0.01   45.3 -0.52  219 0.01 0.52 -0.52 
220 50.7 49.1 1.60   49.6 1.08  220 1.60 1.08 0.51 
221 54.3 55.1 -0.82   55.6 -1.30  221 0.82 1.30 -0.49 
222 60.8 59.2 1.62   59.6 1.15  222 1.62 1.15 0.47 
223 64.3 66.0 -1.68   66.4 -2.11  223 1.68 2.11 -0.44 
183 
 
224 69.1 70.0 -0.96   70.5 -1.38  224 0.96 1.38 -0.42 
225 74.2 74.8 -0.59   75.2 -0.99  225 0.59 0.99 -0.40 
226 77.7 79.6 -1.89   79.9 -2.26  226 1.89 2.26 -0.38 
228 89.6 88.2 1.40   88.5 1.06  228 1.40 1.06 0.34 
229 93.3 93.2 0.10   93.6 -0.22  229 0.10 0.22 -0.12 
230 98.8 97.4 1.45   97.7 1.15  230 1.45 1.15 0.30 
231 103.3 100.9 2.41   101.2 2.13  231 2.41 2.13 0.28 
232 107.9 107.9 -0.05   108.2 -0.30  232 0.05 0.30 -0.25 
             
233 113.9 109.5 4.43 4.90 0.999 114.2 -0.32  233 4.43 0.32 4.11 
234 116.4 118.0 -1.60   122.8 -6.34  234 1.60 6.34 -4.74 
235 128.8 117.8 10.91   122.6 6.17  235 10.91 6.17 4.74 
236 128.8 126.0 2.72   130.8 -2.01  236 2.72 2.01 0.72 
237 136.0 128.6 7.42   133.3 2.70  237 7.42 2.70 4.73 
238 140.7 135.8 4.98   140.5 0.26  238 4.98 0.26 4.72 
335 141.9 143.8 -1.84   148.5 -6.55  335 1.84 6.55 -4.71 
336 149.0 147.3 1.76   152.0 -2.95  336 1.76 2.95 -1.19 
337 154.8 150.1 4.68   154.8 -0.01  337 4.68 0.01 4.67 
338 158.8 157.5 1.32   162.1 -3.37  338 1.32 3.37 -2.06 
339 163.0 159.5 3.52   164.2 -1.16  339 3.52 1.16 2.36 
340 168.3 162.1 6.14   166.8 1.46  340 6.14 1.46 4.68 
341 177.0 165.2 11.87   169.8 7.19  341 11.87 7.19 4.68 
342 180.6 172.8 7.77   177.5 3.10  342 7.77 3.10 4.67 
343 185.2 176.4 8.75   181.1 4.09  343 8.75 4.09 4.66 
344 187.2 185.7 1.42   190.4 -3.23  344 1.42 3.23 -1.80 
345 197.2 188.0 9.17   192.7 4.52  345 9.17 4.52 4.65 
346 197.9 194.9 2.94   199.6 -1.69  346 2.94 1.69 1.25 
184 
 
347 204.2 197.2 6.97   201.9 2.33  347 6.97 2.33 4.64 
348 207.3 203.0 4.27   207.6 -0.36  348 4.27 0.36 3.91 
349 212.4 206.7 5.73   211.3 1.10  349 5.73 1.10 4.62 
350 216.5 213.3 3.25   217.9 -1.37  350 3.25 1.37 1.88 
351 224.9 214.9 10.00   219.5 5.39  351 10.00 5.39 4.61 
352 225.6 222.8 2.81   227.4 -1.79  352 2.81 1.79 1.02 
354 231.7 232.4 -0.74   237.0 -5.33  354 0.74 5.33 -4.59 
355 237.2 240.0 -2.81   244.6 -7.39  355 2.81 7.39 -4.58 
356 249.6 240.7 8.87   245.3 4.30  356 8.87 4.30 4.58 
357 252.9 249.0 3.90   253.6 -0.67  357 3.90 0.67 3.23 
358 256.0 249.5 6.50   254.1 1.93  358 6.50 1.93 4.57 
             
133 2.0 1.9 0.07 
-
0.44 1.016 1.5 0.48  133 0.07 0.48 -0.41 
134 4.5 4.6 -0.16   4.2 0.21  134 0.16 0.21 -0.05 
135 6.6 7.6 -0.92   7.2 -0.60  135 0.92 0.60 0.32 
136 9.3 10.1 -0.74   9.8 -0.46  136 0.74 0.46 0.28 
137 12.2 12.6 -0.47   12.4 -0.23  137 0.47 0.23 0.24 
138 14.9 14.7 0.16   14.5 0.37  138 0.16 0.37 -0.21 
139 17.0 17.3 -0.26   17.1 -0.09  139 0.26 0.09 0.17 
140 19.9 20.0 -0.18   19.9 -0.05  140 0.18 0.05 0.12 
141 22.4 22.3 0.13   22.2 0.22  141 0.13 0.22 -0.09 
142 25.0 24.7 0.31   24.6 0.36  142 0.31 0.36 -0.05 
143 27.5 27.2 0.26   27.2 0.28  143 0.26 0.28 -0.01 
144 29.6 29.7 -0.06   29.7 -0.09  144 0.06 0.09 -0.03 
239 34.5 34.6 -0.13   34.8 -0.23  239 0.13 0.23 -0.10 
240 40.0 39.8 0.18   40.0 -0.01  240 0.18 0.01 0.17 
185 
 
241 44.5 44.6 -0.11   44.9 -0.37  241 0.11 0.37 -0.26 
243 54.9 54.6 0.38   55.0 -0.03  243 0.38 0.03 0.35 
244 60.5 59.9 0.61   60.4 0.10  244 0.61 0.10 0.50 
245 64.9 64.1 0.71   64.7 0.14  245 0.71 0.14 0.57 
             
             
251 17.4 17.1 0.26 0.32 0.999 17.4 -0.05  251 0.26 0.05 0.21 
252 20.1 19.7 0.38   20.0 0.07  252 0.38 0.07 0.31 
253 23.0 22.5 0.53   22.8 0.22  253 0.53 0.22 0.31 
254 26.1 25.7 0.34   26.0 0.03  254 0.34 0.03 0.31 
255 28.4 28.2 0.16   28.5 -0.15  255 0.16 0.15 0.01 
256 31.7 31.3 0.35   31.6 0.04  256 0.35 0.04 0.30 
257 34.3 34.0 0.32   34.3 0.02  257 0.32 0.02 0.30 
258 36.9 37.1 -0.17   37.4 -0.47  258 0.17 0.47 -0.30 
259 40.3 40.0 0.31   40.3 0.01  259 0.31 0.01 0.30 
260 42.7 43.0 -0.27   43.3 -0.57  260 0.27 0.57 -0.30 
261 46.3 44.9 1.37   45.2 1.08  261 1.37 1.08 0.30 
262 48.5 48.4 0.07   48.7 -0.22  262 0.07 0.22 -0.15 
263 25.4 24.5 0.88 1.98 0.977 25.9 -0.55  263 0.88 0.55 0.33 
264 28.7 27.1 1.66   28.4 0.30  264 1.66 0.30 1.37 
265 31.9 31.2 0.69   32.5 -0.59  265 0.69 0.59 0.10 
266 35.2 33.1 2.19   34.3 0.96  266 2.19 0.96 1.23 
267 37.8 36.7 1.15   37.8 0.01  267 1.15 0.01 1.15 
268 40.8 39.5 1.27   40.6 0.19  268 1.27 0.19 1.08 
269 43.9 43.9 -0.03   44.9 -1.01  269 0.03 1.01 -0.98 
270 47.1 45.1 2.01   46.1 1.06  270 2.01 1.06 0.96 
271 49.1 48.4 0.67   49.3 -0.21  271 0.67 0.21 0.46 
186 
 
272 52.7 52.0 0.68   52.8 -0.12  272 0.68 0.12 0.57 
273 56.4 55.4 1.01   56.1 0.29  273 1.01 0.29 0.72 
274 58.4 58.1 0.34   58.7 -0.32  274 0.34 0.32 0.02 
275 44.0 37.1 6.90      275 6.90   
280 52.7 53.5 -0.77      280 0.77   
281 59.7 52.5 7.20      281 7.20   
286 68.4 66.3 2.05      286 2.05   
287 73.7 68.2 5.44      287 5.44   
293 96.4 82.1 14.29      293 14.29   
298 112.8 86.4 26.38      298 26.38   
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Tests Completed =  277   
     
Sample 
No: 
Time 
Elapsed 
(min)  
Mass of 
container and soil 
(grams)  
Mass change 
form previous 
(grams) Microwave  
1 0 304.25  A 
 3 295.62 8.63  
 4 292.45 3.17  
 5 291.03 1.42  
 6 290.58 0.45  
 7 290.23 0.35  
 8 289.90 0.33  
 9 289.60 0.30  
 10 289.46 0.14  
 11 289.42 0.04  
     
2 0 302.32  A 
 3 292.07 10.25  
 4 288.47 3.60  
 5 286.14 2.33  
 6 285.48 0.66  
 7 285.22 0.26  
 8 285.10 0.12  
 9 285.06 0.04  
     
3 0 319.77  A 
 3 305.72 14.05  
 4 302.86 2.86  
 5 301.02 1.84  
 6 300.40 0.62  
 7 300.16 0.24  
 8 300.03 0.13  
 9 299.95 0.08  
     
4 0 302.63  A 
 3 288.01 14.62  
 4 283.92 4.09  
 5 281.88 2.04  
 6 280.95 0.93  
 7 280.71 0.24  
 8 280.54 0.17  
 9 280.45 0.09  
     
5 0 309.48  A 
 3 292.41 17.07  
189 
 
 4 288.81 3.60  
 5 285.92 2.89  
 6 284.63 1.29  
 7 284.25 0.38  
 8 284.06 0.19  
 9 283.98 0.08  
     
6 0 306.92  A 
 3 288.20 18.72  
 4 283.52 4.68  
 5 280.52 3.00  
 6 279.24 1.28  
 7 278.88 0.36  
 8 278.73 0.15  
 9 278.65 0.08  
     
7 0 317.16  A 
 3 296.39 20.77  
 4 291.78 4.61  
 5 288.82 2.96  
 6 287.14 1.68  
 7 286.49 0.65  
 8 286.18 0.31  
 9 286.06 0.12  
 10 286.00 0.06  
     
8 0 318.77  A 
 3 295.10 23.67  
 4 290.32 4.78  
 5 287.15 3.17  
 6 285.99 1.16  
 7 285.70 0.29  
 8 285.55 0.15  
 9 285.50 0.05  
     
9 0 322.58  A 
 3 299.00 23.58  
 4 293.54 5.46  
 5 289.95 3.59  
 6 288.20 1.75  
 7 287.51 0.69  
 8 287.35 0.16  
 9 287.27 0.08  
     
10 0 333.93  A 
 3 310.43 23.50  
190 
 
 4 301.21 9.22  
 5 297.97 3.24  
 6 296.78 1.19  
 7 296.43 0.35  
 8 296.27 0.16  
 9 296.22 0.05  
     
11 0 318.61  A 
 3 296.12 22.49  
 4 289.54 6.58  
 5 284.54 5.00  
 6 281.30 3.24  
 7 279.65 1.65  
 8 279.07 0.58  
 9 278.93 0.14  
 10 278.87 0.06  
     
12 0 326.87  A 
 3 302.62 24.25  
 4 295.97 6.65  
 5 290.40 5.57  
 6 286.95 3.45  
 7 285.45 1.50  
 8 284.80 0.65  
 9 284.57 0.23  
 10 284.47 0.10  
 11 284.44 0.03  
     
13 0 316.08  A 
 3 307.09 8.99  
 4 304.18 2.91  
 5 301.80 2.38  
 6 300.52 1.28  
 7 300.12 0.40  
 8 299.90 0.22  
 9 299.77 0.13  
 10 299.71 0.06  
     
14 0 302.59  B 
 3 288.74 13.85  
 4 285.94 2.80  
 5 284.38 1.56  
 6 284.04 0.34  
 7 283.88 0.16  
 8 283.77 0.11  
 9 283.74 0.03  
191 
 
     
15 0 306.95  A 
 3 294.62 12.33  
 4 290.61 4.01  
 5 287.69 2.92  
 6 286.27 1.42  
 7 285.70 0.57  
 8 285.51 0.19  
 9 285.35 0.16  
 10 285.30 0.05  
     
16 0 316.43  B 
 3 299.00 17.43  
 4 294.69 4.31  
 5 292.97 1.72  
 6 292.46 0.51  
 7 292.30 0.16  
 8 292.22 0.08  
     
17 0 309.17  B 
 3 289.96 19.21  
 4 285.72 4.24  
 5 283.72 2.00  
 6 283.01 0.71  
 7 282.74 0.27  
 8 282.66 0.08  
     
18 0 315.98  A 
 3 297.59 18.39  
 4 292.20 5.39  
 5 288.56 3.64  
 6 287.30 1.26  
 7 286.84 0.46  
 8 286.73 0.11  
 9 286.67 0.06  
     
19 0 317.53  B 
 3 297.85 19.68  
 4 292.00 5.85  
 5 288.46 3.54  
 6 286.97 1.49  
 7 286.59 0.38  
 8 286.48 0.11  
 9 286.43 0.05  
     
20 0 320.66  A 
192 
 
 3 301.53 19.13  
 4 295.01 6.52  
 5 290.67 4.34  
 6 288.11 2.56  
 7 287.40 0.71  
 8 287.16 0.24  
 9 287.06 0.10  
 10 286.99 0.07  
 
21 0 318.59  B 
 3 296.48 22.11  
 4 290.00 6.48  
 5 285.23 4.77  
 6 283.40 1.83  
 7 282.82 0.58  
 8 282.60 0.22  
 9 282.52 0.08  
     
22 0 323.45  A 
 3 299.18 24.27  
 4 292.88 6.30  
 5 287.94 4.94  
 6 285.35 2.59  
 7 284.69 0.66  
 8 284.43 0.26  
 9 284.34 0.09  
     
23 0 325.47  B 
 3 299.61 25.86  
 4 292.48 7.13  
 5 287.23 5.25  
 6 284.53 2.70  
 7 283.63 0.90  
 8 283.45 0.18  
 9 283.39 0.06  
     
24 0 342.58  A 
 3 317.65 24.93  
 4 310.53 7.12  
 5 304.76 5.77  
 6 300.80 3.96  
 7 299.22 1.58  
 8 298.80 0.42  
 9 298.65 0.15  
 10 298.58 0.07  
     
193 
 
25 0 306.61  B 
 3 291.40 15.21  
 4 289.20 2.20  
 5 288.69 0.51  
 6 288.51 0.18  
 7 288.43 0.08  
     
26 0 311.61  A 
 3 295.45 16.16  
 4 292.31 3.14  
 5 291.52 0.79  
 6 291.20 0.32  
 7 291.05 0.15  
 8 291.00 0.05  
     
27 0 305.07  B 
 3 287.99 17.08  
 4 284.07 3.92  
 5 282.85 1.22  
 6 282.50 0.35  
 7 282.37 0.13  
 8 282.30 0.07  
     
28 0 312.49  A 
 3 295.03 17.46  
 4 290.32 4.71  
 5 288.04 2.28  
 6 287.47 0.57  
 7 287.26 0.21  
 8 287.14 0.12  
 9 287.10 0.04  
     
29 0 315.53  B 
 3 296.61 18.92  
 4 291.37 5.24  
 5 289.04 2.33  
 6 288.40 0.64  
 7 288.18 0.22  
 8 288.08 0.10  
 9 288.01 0.07  
     
30 0 314.83  A 
 3 296.22 18.61  
 4 290.73 5.49  
 5 286.98 3.75  
 6 285.55 1.43  
194 
 
 7 285.18 0.37  
 8 285.09 0.09  
     
31 0 315.32  B 
 3 295.24 20.08  
 4 289.63 5.61  
 5 285.62 4.01  
 6 283.72 1.90  
 7 283.28 0.44  
 8 283.16 0.12  
 9 283.11 0.05  
     
32 0 318.98  A 
 3 299.12 19.86  
 4 292.77 6.35  
 5 288.10 4.67  
 6 285.62 2.48  
 7 284.96 0.66  
 8 284.70 0.26  
 9 284.60 0.10  
 10 284.57 0.03  
     
33 0 319.90  B 
 3 299.39 20.51  
 4 292.39 7.00  
 5 287.24 5.15  
 6 284.61 2.63  
 7 283.88 0.73  
 8 283.65 0.23  
 9 283.50 0.15  
 10 283.43 0.07  
     
34 0 339.83  A 
 3 318.68 21.15  
 4 311.34 7.34  
 5 305.81 5.53  
 6 302.24 3.57  
 7 301.08 1.16  
 8 300.69 0.39  
 9 300.55 0.14  
 10 300.45 0.10  
 11 300.42 0.03  
     
35 0 330.69  B 
 3 307.88 22.81  
 4 300.08 7.80  
195 
 
 5 294.06 6.02  
 6 290.22 3.84  
 7 288.90 1.32  
 8 288.52 0.38  
 9 288.35 0.17  
 10 288.29 0.06  
     
36 0 336.88  B 
 3 314.84 22.04  
 4 306.55 8.29  
 5 299.80 6.75  
 6 295.07 4.73  
 7 293.10 1.97  
 8 292.66 0.44  
 9 292.51 0.15  
 10 292.45 0.06  
     
37 0 298.66  A 
 3 282.16 16.50  
 4 279.25 2.91  
 5 278.72 0.53  
 6 278.47 0.25  
 7 278.36 0.11  
 8 278.28 0.08  
     
38 0 310.72  A 
 3 293.27 17.45  
 4 289.86 3.41  
 5 288.83 1.03  
 6 288.53 0.30  
 7 288.38 0.15  
 8 288.31 0.07  
     
39 0 310.41  B 
 3 290.65 19.76  
 4 286.97 3.68  
 5 286.14 0.83  
 6 285.77 0.37  
 7 285.63 0.14  
 8 285.50 0.13  
 9 285.48 0.02  
     
40 0 311.66  A 
 3 293.08 18.58  
 4 287.86 5.22  
 5 285.48 2.38  
196 
 
 6 284.86 0.62  
 7 284.61 0.25  
 8 284.48 0.13  
 9 284.40 0.08  
 
41 0 311.68  B 
 3 292.31 19.37  
 4 286.53 5.78  
 5 283.68 2.85  
 6 283.01 0.67  
 7 282.74 0.27  
 8 282.60 0.14  
 9 282.52 0.08  
     
42 0 316.93  A 
 3 297.74 19.19  
 4 291.59 6.15  
 5 287.74 3.85  
 6 286.58 1.16  
 7 286.28 0.30  
 8 286.14 0.14  
 9 286.02 0.12  
 10 285.97 0.05  
     
43 0 316.37  B 
 3 296.24 20.13  
 4 289.13 7.11  
 5 284.80 4.33  
 6 283.30 1.50  
 7 282.89 0.41  
 8 282.70 0.19  
 9 282.62 0.08  
     
44 0 333.60  A 
 3 313.94 19.66  
 4 306.98 6.96  
 5 301.78 5.20  
 6 299.34 2.44  
 7 298.65 0.69  
 8 298.40 0.25  
 9 298.27 0.13  
 10 298.20 0.07  
     
45 0 326.21  B 
 3 304.58 21.63  
 4 297.11 7.47  
197 
 
 5 292.15 4.96  
 6 289.72 2.43  
 7 289.23 0.49  
 8 289.02 0.21  
 9 288.90 0.12  
 10 288.86 0.04  
     
46 0 331.00  A 
 3 310.30 20.70  
 4 302.70 7.60  
 5 296.90 5.80  
 6 293.38 3.52  
 7 292.02 1.36  
 8 291.64 0.38  
 9 291.48 0.16  
 10 291.40 0.08  
     
47 0 322.26  B 
 3 301.12 21.14  
 4 293.27 7.85  
 5 287.43 5.84  
 6 283.33 4.10  
 7 281.72 1.61  
 8 281.20 0.52  
 9 281.08 0.12  
 10 281.00 0.08  
     
48 0 331.32  A 
 3 309.29 22.03  
 4 301.67 7.62  
 5 295.05 6.62  
 6 290.19 4.86  
 7 287.76 2.43  
 8 287.05 0.71  
 9 286.80 0.25  
 10 286.68 0.12  
 11 286.64 0.04  
     
49 0 309.45  B 
 3 291.79 17.66  
 4 288.59 3.20  
 5 287.85 0.74  
 6 287.57 0.28  
 7 287.42 0.15  
 8 287.34 0.08  
     
198 
 
50 0 308.24  B 
 3 289.73 18.51  
 4 285.67 4.06  
 5 284.67 1.00  
 6 284.29 0.38  
 7 284.15 0.14  
 8 284.08 0.07  
     
51 0 308.58  A 
 3 290.05 18.53  
 4 285.11 4.94  
 5 283.30 1.81  
 6 282.81 0.49  
 7 282.63 0.18  
 8 282.53 0.10  
 9 282.46 0.07  
     
52 0 314.78  B 
 3 295.20 19.58  
 4 289.68 5.52  
 5 287.60 2.08  
 6 287.04 0.56  
 7 286.81 0.23  
 8 286.68 0.13  
 9 286.59 0.09  
     
53 0 312.58  A 
 3 293.13 19.45  
 4 286.94 6.19  
 5 283.55 3.39  
 6 282.76 0.79  
 7 282.48 0.28  
 8 282.30 0.18  
 9 282.24 0.06  
     
54 0 331.75  B 
 3 311.07 20.68  
 4 304.74 6.33  
 5 301.18 3.56  
 6 300.05 1.13  
 7 299.77 0.28  
 8 299.61 0.16  
 9 299.52 0.09  
     
55 0 320.97  A 
 3 301.60 19.37  
199 
 
 4 294.92 6.68  
 5 289.82 5.10  
 6 288.05 1.77  
 7 287.58 0.47  
 8 287.34 0.24  
 9 287.22 0.12  
 10 287.13 0.09  
     
56 0 332.49  B 
 3 312.01 20.48  
 4 304.65 7.36  
 5 299.43 5.22  
 6 297.12 2.31  
 7 296.55 0.57  
 8 296.33 0.22  
 9 296.22 0.11  
 10 296.13 0.09  
     
57 0 320.64  A 
 3 299.65 20.99  
 4 292.19 7.46  
 5 286.27 5.92  
 6 283.90 2.37  
 7 283.28 0.62  
 8 283.03 0.25  
 9 282.88 0.15  
 10 282.83 0.05  
     
58 0 324.37  A 
 3 304.78 19.59  
 4 297.62 7.16  
 5 291.26 6.36  
 6 286.69 4.57  
 7 285.11 1.58  
 8 284.64 0.47  
 9 284.40 0.24  
 10 284.27 0.13  
 11 284.20 0.07  
     
59 0 324.76  B 
 3 303.87 20.89  
 4 296.17 7.70  
 5 289.64 6.53  
 6 285.25 4.39  
 7 283.04 2.21  
 8 282.51 0.53  
200 
 
 9 282.28 0.23  
 10 282.16 0.12  
 11 282.20 -0.04  
     
60 0 330.89  A 
 3 309.27 21.62  
 4 300.85 8.42  
 5 294.10 6.75  
 6 289.05 5.05  
 7 287.05 2.00  
 8 286.41 0.64  
 9 286.21 0.20  
 10 286.08 0.13  
 11 286.04 0.04  
 
61 0 317.45  B 
 3 299.96 17.49  
 4 295.71 4.25  
 5 294.23 1.48  
 6 293.78 0.45  
 7 293.58 0.20  
 8 293.44 0.14  
 9 293.39 0.05  
     
62 0 310.32  B 
 3 290.39 19.93  
 4 286.28 4.11  
 5 285.12 1.16  
 6 284.77 0.35  
 7 284.57 0.20  
 8 284.42 0.15  
 9 284.36 0.06  
     
63 0 328.03  A 
 3 307.64 20.39  
 4 302.72 4.92  
 5 301.06 1.66  
 6 300.60 0.46  
 7 300.39 0.21  
 8 300.25 0.14  
 9 300.15 0.10  
 10 300.07 0.08  
     
64 0 318.60  B 
 3 297.42 21.18  
 4 291.64 5.78  
201 
 
 5 289.65 1.99  
 6 289.12 0.53  
 7 288.88 0.24  
 8 288.75 0.13  
 9 288.66 0.09  
     
65 0 325.52  A 
 3 304.78 20.74  
 4 298.06 6.72  
 5 295.04 3.02  
 6 294.25 0.79  
 7 293.93 0.32  
 8 293.80 0.13  
 9 293.71 0.09  
     
66 0 315.38  B 
 3 293.69 21.69  
 4 287.38 6.31  
 5 283.41 3.97  
 6 282.51 0.90  
 7 282.22 0.29  
 8 282.07 0.15  
 9 281.92 0.15  
 10 281.84 0.08  
     
67 0 321.20  A 
 3 299.80 21.40  
 4 293.12 6.68  
 5 288.07 5.05  
 6 286.33 1.74  
 7 285.96 0.37  
 8 285.75 0.21  
 9 285.63 0.12  
 10 285.56 0.07  
     
68 0 320.63  B 
 3 297.93 22.70  
 4 290.43 7.50  
 5 285.33 5.10  
 6 283.74 1.59  
 7 283.29 0.45  
 8 283.07 0.22  
 9 282.96 0.11  
 10 282.91 0.05  
     
69 0 322.78  A 
202 
 
 3 300.81 21.97  
 4 292.78 8.03  
 5 287.11 5.67  
 6 284.30 2.81  
 7 283.81 0.49  
 8 283.59 0.22  
 9 283.47 0.12  
 10 283.38 0.09  
     
70 0 320.26  B 
 3 296.80 23.46  
 4 288.95 7.85  
 5 282.91 6.04  
 6 280.12 2.79  
 7 279.45 0.67  
 8 279.27 0.18  
 9 279.09 0.18  
 10 279.04 0.05  
     
71 0 326.75  A 
 3 304.41 22.34  
 4 296.56 7.85  
 5 289.93 6.63  
 6 285.65 4.28  
 7 284.41 1.24  
 8 284.00 0.41  
 9 283.86 0.14  
 10 283.76 0.10  
 11 283.71 0.05  
     
72 0 326.23  A 
 3 305.83 20.40  
 4 297.62 8.21  
 5 290.69 6.93  
 6 285.09 5.60  
 7 282.69 2.40  
 8 282.09 0.60  
 9 281.82 0.27  
 10 281.69 0.13  
 11 281.59 0.10  
 12 281.55 0.04  
     
85 0 294.43  B 
 3 284.38 10.05  
 4 282.76 1.62  
 5 282.36 0.40  
203 
 
 6 282.25 0.11  
 7 282.17 0.08  
     
86 0 301.80  B 
 3 289.15 12.65  
 4 287.33 1.82  
 5 286.98 0.35  
 6 286.85 0.13  
 7 286.76 0.09  
     
87 0 301.74  A 
 3 287.56 14.18  
 4 284.48 3.08  
 5 283.83 0.65  
 6 283.61 0.22  
 7 283.53 0.08  
 8 283.44 0.09  
     
88 0 319.04  B 
 3 304.77 14.27  
 4 300.71 4.06  
 5 298.78 1.93  
 6 298.29 0.49  
 7 298.15 0.14  
 8 298.10 0.05  
     
89 0 310.79  A 
 3 295.12 15.67  
 4 290.75 4.37  
 5 288.20 2.55  
 6 287.35 0.85  
 7 287.10 0.25  
 8 286.99 0.11  
 9 286.93 0.06  
     
90 0 320.94  B 
 3 304.14 16.80  
 4 299.36 4.78  
 5 296.14 3.22  
 6 294.97 1.17  
 7 294.51 0.46  
 8 294.34 0.17  
 9 294.29 0.05  
 
91 0 312.05  A 
 3 294.08 17.97  
204 
 
 4 288.95 5.13  
 5 285.30 3.65  
 6 283.22 2.08  
 7 282.69 0.53  
 8 282.52 0.17  
 9 282.47 0.05  
     
92 0 319.00  B 
 3 296.84 22.16  
 4 292.27 4.57  
 5 288.80 3.47  
 6 287.11 1.69  
 7 286.68 0.43  
 8 286.51 0.17  
 9 286.43 0.08  
     
93 0 321.57  A 
 3 298.37 23.20  
 4 292.56 5.81  
 5 289.09 3.47  
 6 287.09 2.00  
 7 286.52 0.57  
 8 286.32 0.20  
 9 286.22 0.10  
 10 286.16 0.06  
     
94 0 319.75  B 
 3 297.29 22.46  
 4 291.35 5.94  
 5 286.50 4.85  
 6 283.34 3.16  
 7 282.13 1.21  
 8 281.76 0.37  
 9 281.60 0.16  
 10 281.55 0.05  
     
95 0 321.09  A 
 3 297.84 23.25  
 4 292.01 5.83  
 5 286.33 5.68  
 6 282.82 3.51  
 7 281.28 1.54  
 8 280.75 0.53  
 9 280.60 0.15  
 10 280.52 0.08  
     
205 
 
96 0 328.51  B 
 3 305.78 22.73  
 4 299.92 5.86  
 5 293.86 6.06  
 6 289.23 4.63  
 7 286.56 2.67  
 8 285.58 0.98  
 9 285.35 0.23  
 10 285.21 0.14  
 11 285.14 0.07  
     
97 0 293.25  A 
 3 284.31 8.94  
 4 283.58 0.73  
 5 283.38 0.20  
 6 283.31 0.07  
     
98 0 313.75  B 
 3 303.10 10.65  
 4 301.30 1.80  
 5 300.91 0.39  
 6 300.79 0.12  
 7 300.71 0.08  
     
99 0 302.93  A 
 3 290.17 12.76  
 4 287.77 2.40  
 5 287.20 0.57  
 6 287.02 0.18  
 7 286.91 0.11  
 8 286.88 0.03  
     
100 0 313.91  B 
 3 299.81 14.10  
 4 296.29 3.52  
 5 295.45 0.84  
 6 295.17 0.28  
 7 295.07 0.10  
 8 294.98 0.09  
     
101 0 301.08  A 
 3 296.88 4.20  
 4 282.36 14.52  
 5 279.77 2.59  
 6 279.10 0.67  
 7 278.92 0.18  
206 
 
 8 278.82 0.10  
 9 278.81 0.01  
     
102 0 311.91  B 
. 3 296.92 14.99  
 4 291.74 5.18  
 5 288.55 3.19  
 6 286.96 1.59  
 7 286.66 0.30  
 8 286.54 0.12  
 9 286.47 0.07  
     
103 0 314.55  A 
. 3 299.56 14.99  
 4 294.19 5.37  
 5 289.57 4.62  
 6 286.99 2.58  
 7 286.11 0.88  
 8 285.89 0.22  
 9 285.81 0.08  
     
104 0 315.85  B 
. 3 297.28 18.57  
 4 291.91 5.37  
 5 287.54 4.37  
 6 284.98 2.56  
 7 284.07 0.91  
 8 283.87 0.20  
 9 283.82 0.05  
     
105 0 311.40  A 
. 3 291.92 19.48  
 4 286.71 5.21  
 5 281.79 4.92  
 6 278.66 3.13  
 7 277.67 0.99  
 8 277.45 0.22  
 9 277.36 0.09  
     
106 0 320.98  B 
. 3 297.76 23.22  
 4 291.93 5.83  
 5 287.15 4.78  
 6 284.22 2.93  
 7 283.33 0.89  
 8 283.12 0.21  
207 
 
 9 283.00 0.12  
 10 282.96 0.04  
     
107 0 324.83  A 
. 3 302.12 22.71  
 4 296.44 5.68  
 5 290.68 5.76  
 6 286.80 3.88  
 7 284.80 2.00  
 8 284.27 0.53  
 9 284.07 0.20  
 10 284.00 0.07  
     
108 0 344.92  B 
. 3 321.48 23.44  
 4 314.92 6.56  
 5 308.72 6.20  
 6 304.45 4.27  
 7 301.97 2.48  
 8 301.25 0.72  
 9 301.08 0.17  
 10 301.01 0.07  
     
109 0 292.81  A 
. 3 285.93 6.88  
 4 285.36 0.57  
 5 285.25 0.11  
 6 285.22 0.03  
     
110 0 305.27  A 
. 3 295.69 9.58  
 4 294.68 1.01  
 5 294.47 0.21  
 6 294.37 0.10  
 7 294.32 0.05  
     
111 0 295.91  B 
. 3 283.83 12.08  
 4 281.93 1.90  
 5 281.51 0.42  
 6 281.41 0.10  
 7 281.33 0.08  
     
112 0 302.02  A 
. 3 288.74 13.28  
 4 285.49 3.25  
208 
 
 5 284.65 0.84  
 6 284.38 0.27  
 7 284.32 0.06  
     
113 0 304.61  B 
. 3 290.47 14.14  
 4 286.16 4.31  
 5 284.06 2.10  
 6 283.72 0.34  
 7 283.58 0.14  
 8 283.55 0.03  
     
114 0 308.29  A 
. 3 293.39 14.90  
 4 288.27 5.12  
 5 285.16 3.11  
 6 284.15 1.01  
 7 284.01 0.14  
 8 283.95 0.06  
     
115 0 310.36  B 
. 3 293.45 16.91  
 4 287.83 5.62  
 5 284.25 3.58  
 6 283.05 1.20  
 7 282.86 0.19  
 8 282.76 0.10  
 9 282.75 0.01  
     
116 0 315.50  B 
. 3 299.67 15.83  
 4 293.68 5.99  
 5 289.55 4.13  
 6 286.80 2.75  
 7 285.38 1.42  
 8 284.91 0.47  
 9 284.78 0.13  
 10 284.75 0.03  
     
117 0 316.76  A 
. 3 300.22 16.54  
 4 293.61 6.61  
 5 288.27 5.34  
 6 284.62 3.65  
 7 282.88 1.74  
 8 282.55 0.33  
209 
 
 9 282.46 0.09  
     
118 0 322.87  B 
. 3 305.23 17.64  
 4 299.13 6.10  
 5 293.10 6.03  
 6 287.15 5.95  
 7 285.72 1.43  
 8 285.42 0.30  
 9 285.32 0.10  
 10 285.28 0.04  
     
119 0 320.60  B 
. 3 298.79 21.81  
 4 292.55 6.24  
 5 286.82 5.73  
 6 283.42 3.40  
 7 279.92 3.50  
 8 279.28 0.64  
 9 279.15 0.13  
 10 279.11 0.04  
     
120 0 328.56  A 
. 3 304.58 23.98  
 4 297.90 6.68  
 5 292.13 5.77  
 6 287.60 4.53  
 7 284.99 2.61  
 8 284.19 0.80  
 9 284.07 0.12  
 10 283.98 0.09  
     
121 0 288.51  A 
. 3 283.70 4.81  
 4 283.38 0.32  
 5 283.29 0.09  
     
122 0 292.02  A 
. 3 283.69 8.33  
 4 282.96 0.73  
 5 282.75 0.21  
 6 282.74 0.01  
     
123 0 312.37  B 
. 3 301.38 10.99  
 4 300.14 1.24  
210 
 
 5 299.82 0.32  
 6 299.74 0.08  
     
124 0 301.20  A 
. 3 288.95 12.25  
 4 286.55 2.40  
 5 285.51 1.04  
 6 285.37 0.14  
 7 285.33 0.04  
     
125 0 314.02  B 
. 3 299.87 14.15  
 4 296.22 3.65  
 5 294.62 1.60  
 6 294.23 0.39  
 7 294.12 0.11  
 8 294.06 0.06  
     
126 0 304.63  A 
. 3 289.39 15.24  
 4 284.63 4.76  
 5 282.22 2.41  
 6 281.42 0.80  
 7 281.27 0.15  
 8 281.23 0.04  
     
127 0 311.08  B 
. 3 294.73 16.35  
 4 289.95 4.78  
 5 286.44 3.51  
 6 284.47 1.97  
 7 284.14 0.33  
 8 284.02 0.12  
 9 284.00 0.02  
     
128 0 313.73  B 
. 3 295.84 17.89  
 4 289.52 6.32  
 5 285.43 4.09  
 6 283.63 1.80  
 7 283.19 0.44  
 8 283.08 0.11  
 9 283.05 0.03  
     
129 0 335.79  A 
. 3 320.63 15.16  
211 
 
 4 313.81 6.82  
 5 308.09 5.72  
 6 304.13 3.96  
 7 302.51 1.62  
 8 302.20 0.31  
 9 302.16 0.04  
     
130 0 326.75  B 
. 3 307.62 19.13  
 4 300.20 7.42  
 5 294.34 5.86  
 6 291.24 3.10  
 7 290.05 1.19  
 8 289.89 0.16  
 9 289.85 0.04  
     
131 0 335.34  A 
. 3 316.77 18.57  
 4 309.50 7.27  
 5 304.35 5.15  
 6 298.74 5.61  
 7 295.79 2.95  
 8 294.76 1.03  
 9 294.63 0.13  
 10 294.61 0.02  
     
132 0 326.26  B 
. 3 306.77 19.49  
 4 299.69 7.08  
 5 292.63 7.06  
 6 287.17 5.46  
 7 283.72 3.45  
 8 282.37 1.35  
 9 282.09 0.28  
 10 282.02 0.07  
     
133 0 287.94  A 
. 3 285.26 2.68  
 4 285.11 0.15  
 5 285.08 0.03  
     
134 0 288.16  B 
. 3 281.97 6.19  
 4 281.44 0.53  
 5 281.31 0.13  
 6 281.25 0.06  
212 
 
     
135 0 292.97  A 
. 3 285.35 7.62  
 4 282.19 3.16  
 5 281.82 0.37  
 6 281.71 0.11  
 7 281.68 0.03  
     
136 0 298.07  B 
. 3 286.65 11.42  
 4 284.00 2.65  
 5 283.26 0.74  
 6 283.09 0.17  
 7 283.04 0.05  
     
137 0 300.84  A 
. 3 286.93 13.91  
 4 283.40 3.53  
 5 282.22 1.18  
 6 281.99 0.23  
 7 281.95 0.04  
 
138 0 322.25  B 
. 3 308.44 13.81  
 4 303.79 4.65  
 5 301.22 2.57  
 6 300.41 0.81  
 7 300.26 0.15  
 8 300.19 0.07  
     
139 0 314.57  A 
. 3 298.52 16.05  
 4 292.90 5.62  
 5 289.75 3.15  
 6 288.81 0.94  
 7 288.67 0.14  
 8 288.63 0.04  
     
140 0 316.25  A 
. 3 297.74 18.51  
 4 291.91 5.83  
 5 287.66 4.25  
 6 286.43 1.23  
 7 286.25 0.18  
 8 286.21 0.04  
     
213 
 
141 0 316.79  B 
. 3 298.20 18.59  
 4 291.19 7.01  
 5 285.90 5.29  
 6 283.78 2.12  
 7 283.47 0.31  
 8 283.38 0.09  
     
142 0 320.88  A 
. 3 301.98 18.90  
 4 294.63 7.35  
 5 288.89 5.74  
 6 285.28 3.61  
 7 283.99 1.29  
 8 283.83 0.16  
 9 283.80 0.03  
     
143 0 320.24  B 
. 3 300.57 19.67  
 4 293.13 7.44  
 5 287.28 5.85  
 6 282.76 4.52  
 7 280.20 2.56  
 8 279.47 0.73  
 9 279.35 0.12  
 10 279.35 0.00  
     
144 0 328.55  A 
. 3 310.93 17.62  
 4 303.39 7.54  
 5 296.58 6.81  
 6 290.42 6.16  
 7 286.34 4.08  
 8 284.27 2.07  
 9 284.03 0.24  
 10 283.96 0.07  
 11 283.94 0.02  
     
157 0 253.19  B 
. 3 243.95 9.24  
 4 243.54 0.41  
 5 243.40 0.14  
 6 243.33 0.07  
     
158 0 273.75  A 
. 3 262.82 10.93  
214 
 
 4 262.30 0.52  
 5 262.13 0.17  
 6 262.06 0.07  
     
159 0 263.13  B 
. 3 251.23 11.90  
 4 250.01 1.22  
 5 249.73 0.28  
 6 249.61 0.12  
 7 249.58 0.03  
     
160 0 268.28  A 
. 3 255.42 12.86  
 4 253.32 2.10  
 5 252.85 0.47  
 6 252.71 0.14  
 7 252.61 0.10  
 8 252.57 0.04  
     
161 0 259.64  B 
. 3 245.96 13.68  
 4 242.94 3.02  
 5 242.44 0.50  
 6 242.25 0.19  
 7 242.19 0.06  
     
162 0 266.83  A 
. 3 252.24 14.59  
 4 248.92 3.32  
 5 247.56 1.36  
 6 247.23 0.33  
 7 247.09 0.14  
 8 247.03 0.06  
     
163 0 267.60  B 
. 3 249.54 18.06  
 4 247.08 2.46  
 5 246.04 1.04  
 6 245.69 0.35  
 7 245.51 0.18  
 8 245.46 0.05  
     
164 0 268.44  A 
. 3 249.16 19.28  
 4 245.86 3.30  
 5 244.75 1.11  
215 
 
 6 244.41 0.34  
 7 244.30 0.11  
 8 244.25 0.05  
     
165 0 268.12  B 
. 3 247.23 20.89  
 4 243.84 3.39  
 5 242.77 1.07  
 6 242.51 0.26  
 7 242.39 0.12  
 8 242.32 0.07  
     
166 0 275.13  A 
. 3 253.57 21.56  
 4 249.60 3.97  
 5 247.64 1.96  
 6 247.12 0.52  
 7 246.97 0.15  
 8 246.91 0.06  
     
167 0 275.24  B 
. 3 253.17 22.07  
 4 248.78 4.39  
 5 246.57 2.21  
 6 246.09 0.48  
 7 245.93 0.16  
 8 245.84 0.09  
     
168 0 293.15  A 
. 3 270.55 22.60  
 4 265.51 5.04  
 5 262.73 2.78  
 6 261.92 0.81  
 7 261.65 0.27  
 8 261.58 0.07  
     
169 0 255.41  B 
. 3 247.04 8.37  
 4 246.66 0.38  
 5 246.56 0.10  
 6 246.48 0.08  
     
170 0 262.60  A 
. 3 252.47 10.13  
 4 251.85 0.62  
 5 251.61 0.24  
216 
 
 6 251.49 0.12  
 7 251.43 0.06  
 
171 0 253.00  B 
. 3 240.97 12.03  
 4 240.27 0.70  
 5 240.06 0.21  
 6 239.98 0.08  
     
172 0 262.33  A 
. 3 249.02 13.31  
 4 247.52 1.50  
 5 247.22 0.30  
 6 247.12 0.10  
 7 247.05 0.07  
     
173 0 263.12  B 
. 3 248.73 14.39  
 4 246.33 2.40  
 5 245.69 0.64  
 6 245.52 0.17  
 7 245.44 0.08  
     
174 0 264.23  A 
. 3 248.95 15.28  
 4 246.07 2.88  
 5 245.12 0.95  
 6 244.83 0.29  
 7 244.72 0.11  
 8 244.66 0.06  
     
175 0 267.32  B 
. 3 250.67 16.65  
 4 247.48 3.19  
 5 246.38 1.10  
 6 246.09 0.29  
 7 245.96 0.13  
 8 245.90 0.06  
     
176 0 265.67  A 
. 3 249.36 16.31  
 4 245.27 4.09  
 5 242.89 2.38  
 6 242.22 0.67  
 7 242.04 0.18  
 8 241.94 0.10  
217 
 
 9 241.91 0.03  
     
177 0 269.39  B 
. 3 249.23 20.16  
 4 245.81 3.42  
 5 244.07 1.74  
 6 243.57 0.50  
 7 243.46 0.11  
 8 243.41 0.05  
     
178 0 288.80  A 
. 3 268.58 20.22  
 4 264.52 4.06  
 5 261.82 2.70  
 6 260.78 1.04  
 7 260.53 0.25  
 8 260.46 0.07  
     
179 0 279.07  B 
. 3 255.04 24.03  
 4 251.15 3.89  
 5 249.64 1.51  
 6 249.23 0.41  
 7 249.13 0.10  
 8 249.08 0.05  
     
180 0 284.91  A 
. 3 260.82 24.09  
 4 256.08 4.74  
 5 253.59 2.49  
 6 253.04 0.55  
 7 252.90 0.14  
 8 252.83 0.07  
     
181 0 251.59  B 
. 3 243.90 7.69  
 4 243.61 0.29  
 5 243.51 0.10  
 6 243.48 0.03  
     
182 0 257.07  A 
. 3 247.62 9.45  
 4 247.06 0.56  
 5 246.94 0.12  
 6 246.87 0.07  
     
218 
 
183 0 255.39  B 
. 3 244.11 11.28  
 4 243.45 0.66  
 5 243.24 0.21  
 6 243.15 0.09  
     
184 0 256.75  A 
. 3 243.54 13.21  
 4 242.35 1.19  
 5 242.14 0.21  
 6 242.02 0.12  
 7 242.00 0.02  
     
185 0 258.53  B 
. 3 244.17 14.36  
 4 242.12 2.05  
 5 241.62 0.50  
 6 241.44 0.18  
 7 241.37 0.07  
     
186 0 264.74  A 
. 3 248.84 15.90  
 4 246.32 2.52  
 5 245.82 0.50  
 6 245.67 0.15  
 7 245.58 0.09  
     
187 0 264.64  B 
. 3 248.64 16.00  
 4 245.09 3.55  
 5 243.85 1.24  
 6 243.51 0.34  
 7 243.38 0.13  
 8 243.35 0.03  
     
188 0 285.60  A 
. 3 269.34 16.26  
 4 265.10 4.24  
 5 263.07 2.03  
 6 262.60 0.47  
 7 262.46 0.14  
 8 262.40 0.06  
     
189 0 275.21  B 
. 3 257.77 17.44  
 4 253.10 4.67  
219 
 
 5 250.41 2.69  
 6 249.71 0.70  
 7 249.52 0.19  
 8 249.48 0.04  
     
190 0 282.74  A 
. 3 264.44 18.30  
 4 259.25 5.19  
 5 256.34 2.91  
 6 255.47 0.87  
 7 255.25 0.22  
 8 255.16 0.09  
     
191 0 272.20  B 
. 3 252.35 19.85  
 4 246.89 5.46  
 5 243.61 3.28  
 6 242.54 1.07  
 7 242.30 0.24  
 8 242.22 0.08  
     
192 0 276.97  A 
. 3 254.82 22.15  
 4 249.65 5.17  
 5 245.94 3.71  
 6 244.71 1.23  
 7 244.47 0.24  
 8 244.41 0.06  
     
193 0 254.61  B 
. 3 248.22 6.39  
 4 247.86 0.36  
 5 247.74 0.12  
 6 247.67 0.07  
     
194 0 253.62  A 
. 3 245.18 8.44  
 4 244.64 0.54  
 5 244.47 0.17  
 6 244.41 0.06  
     
195 0 254.09  B 
. 3 243.71 10.38  
 4 242.79 0.92  
 5 242.58 0.21  
 6 242.45 0.13  
220 
 
 7 242.41 0.04  
     
196 0 260.37  A 
. 3 248.15 12.22  
 4 246.88 1.27  
 5 246.58 0.30  
 6 246.46 0.12  
 7 246.36 0.10  
 8 246.35 0.01  
     
197 0 258.50  B 
. 3 245.07 13.43  
 4 242.96 2.11  
 5 242.40 0.56  
 6 242.21 0.19  
 7 242.15 0.06  
 8 242.11 0.04  
     
198 0 278.13  A 
. 3 264.17 13.96  
 4 261.06 3.11  
 5 259.92 1.14  
 6 259.59 0.33  
 7 259.47 0.12  
 8 259.43 0.04  
     
199 0 267.54  B 
. 3 251.98 15.56  
 4 248.44 3.54  
 5 247.14 1.30  
 6 246.77 0.37  
 7 246.63 0.14  
 8 246.59 0.04  
     
200 0 274.84  A 
. 3 258.17 16.67  
 4 254.30 3.87  
 5 252.34 1.96  
 6 251.75 0.59  
 7 251.57 0.18  
 8 251.51 0.06  
     
201 0 265.40  B 
. 3 263.16 2.24  
 4 256.53 6.63  
 5 249.54 6.99  
221 
 
 6 244.68 4.86  
 7 241.58 3.10  
 8 240.62 0.96  
 9 240.35 0.27  
 10 240.25 0.10  
 11 240.19 0.06  
 12 240.17 0.02  
     
202 0 276.42  A 
. 3 259.18 17.24  
 4 253.80 5.38  
 5 250.46 3.34  
 6 249.11 1.35  
 7 248.74 0.37  
 8 248.63 0.11  
 9 248.55 0.08  
     
203 0 276.68  B 
. 3 257.64 19.04  
 4 252.04 5.60  
 5 248.47 3.57  
 6 247.14 1.33  
 7 246.81 0.33  
 8 246.73 0.08  
     
204 0 277.43  A 
. 3 258.00 19.43  
 4 252.03 5.97  
 5 247.62 4.41  
 6 245.52 2.10  
 7 245.09 0.43  
 8 244.92 0.17  
 9 244.87 0.05  
     
205 0 248.42  B 
. 3 242.97 5.45  
 4 242.60 0.37  
 5 242.50 0.10  
 6 242.43 0.07  
     
206 0 254.43  A 
. 3 246.84 7.59  
 4 246.32 0.52  
 5 246.16 0.16  
 6 246.06 0.10  
 7 246.00 0.06  
222 
 
     
207 0 253.04  B 
. 3 243.57 9.47  
 4 242.74 0.83  
 5 242.49 0.25  
 6 242.41 0.08  
     
208 0 272.74  A 
. 3 271.27 1.47  
 4 265.88 5.39  
 5 261.81 4.07  
 6 260.30 1.51  
 7 259.83 0.47  
 8 259.67 0.16  
 9 259.58 0.09  
     
209 0 261.65  B 
. 3 248.39 13.26  
 4 246.65 1.74  
 5 246.22 0.43  
 6 246.08 0.14  
 7 246.03 0.05  
     
210 0 270.16  A 
. 3 255.38 14.78  
 4 252.99 2.39  
 5 252.45 0.54  
 6 252.22 0.23  
 7 252.11 0.11  
 8 252.06 0.05  
 
211 0 262.98  B 
. 3 246.73 16.25  
 4 243.58 3.15  
 5 242.75 0.83  
 6 242.51 0.24  
 7 242.40 0.11  
 8 242.36 0.04  
     
212 0 269.60  A 
. 3 253.08 16.52  
 4 248.94 4.14  
 5 247.30 1.64  
 6 246.96 0.34  
 7 246.82 0.14  
 8 246.74 0.08  
223 
 
     
213 0 271.48  B 
. 3 254.02 17.46  
 4 249.35 4.67  
 5 247.30 2.05  
 6 246.72 0.58  
 7 246.55 0.17  
 8 246.47 0.08  
     
214 0 271.61  A 
. 3 253.49 18.12  
 4 248.33 5.16  
 5 245.28 3.05  
 6 244.38 0.90  
 7 244.13 0.25  
 8 244.02 0.11  
 9 243.97 0.05  
     
215 0 274.24  B 
. 3 256.96 17.28  
 4 250.71 6.25  
 5 247.06 3.65  
 6 244.82 2.24  
 7 244.17 0.65  
 8 243.98 0.19  
 9 243.93 0.05  
     
216 0 278.70  A 
. 3 260.95 17.75  
 4 254.78 6.17  
 5 250.06 4.72  
 6 247.25 2.81  
 7 246.31 0.94  
 8 246.03 0.28  
 9 245.91 0.12  
 10 245.84 0.07  
     
217 0 334.62  A 
. 3 312.40 22.22  
 4 303.68 8.72  
 5 295.73 7.95  
 6 289.26 6.47  
 7 284.90 4.36  
 8 283.33 1.57  
 9 282.93 0.40  
 10 282.76 0.17  
224 
 
 11 282.69 0.07  
     
218 0 361.54  B 
. 3 339.05 22.49  
 4 329.80 9.25  
 5 320.77 9.03  
 6 313.93 6.84  
 7 307.89 6.04  
 8 304.70 3.19  
 9 303.56 1.14  
 10 303.25 0.31  
 11 303.12 0.13  
 12 303.01 0.11  
 13 302.91 0.10  
 14 302.88 0.03  
     
219 0 356.58  A 
. 3 330.94 25.64  
 4 321.61 9.33  
 5 312.44 9.17  
 6 304.09 8.35  
 7 296.92 7.17  
 8 291.98 4.94  
 9 290.04 1.94  
 10 289.53 0.51  
 11 289.36 0.17  
 12 289.29 0.07  
     
220 0 366.25  B 
. 3 339.29 26.96  
 4 329.49 9.80  
 5 319.59 9.90  
 6 310.92 8.67  
 7 302.52 8.40  
 8 296.50 6.02  
 9 293.62 2.88  
 10 292.79 0.83  
 11 292.47 0.32  
 12 292.30 0.17  
 13 292.19 0.11  
 14 292.14 0.05  
     
221 0 364.08  A 
. 3 338.20 25.88  
 4 328.51 9.69  
 5 308.62 19.89  
225 
 
 6 299.58 9.04  
 7 291.94 7.64  
 8 285.89 6.05  
 9 282.78 3.11  
 10 281.87 0.91  
 11 281.62 0.25  
 12 281.50 0.12  
 13 281.44 0.06  
     
222 0 376.58  B 
. 3 349.44 27.14  
 4 338.68 10.76  
 5 328.53 10.15  
 6 318.63 9.90  
 7 309.08 9.55  
 8 300.47 8.61  
 9 293.31 7.16  
 10 289.18 4.13  
 11 287.96 1.22  
 12 287.68 0.28  
 13 287.54 0.14  
 14 287.43 0.11  
 15 287.39 0.04  
     
223 0 380.79  A 
. 3 356.86 23.93  
 4 345.45 11.41  
 5 334.74 10.71  
 6 324.69 10.05  
 7 313.93 10.76  
 8 304.08 9.85  
 9 296.66 7.42  
 10 289.42 7.24  
 11 284.68 4.74  
 12 283.28 1.40  
 13 282.86 0.42  
 14 282.68 0.18  
 15 282.55 0.13  
 16 282.45 0.10  
 17 282.40 0.05  
     
224 0 388.95  B 
. 3 365.96 22.99  
 4 354.42 11.54  
 5 343.42 11.00  
 6 331.81 11.61  
226 
 
 7 321.60 10.21  
 8 311.37 10.23  
 9 302.66 8.71  
 10 294.43 8.23  
 11 288.17 6.26  
 12 285.06 3.11  
 13 284.46 0.60  
 14 284.19 0.27  
 15 284.05 0.14  
 16 284.00 0.05  
     
225 0 393.93  A 
. 3 370.72 23.21  
 4 360.30 10.42  
 5 349.22 11.08  
 6 339.04 10.18  
 7 327.91 11.13  
 8 317.99 9.92  
 9 308.68 9.31  
 10 299.79 8.89  
 11 291.99 7.80  
 12 286.05 5.94  
 13 282.89 3.16  
 14 281.94 0.95  
 15 281.68 0.26  
 16 281.54 0.14  
 17 281.50 0.04  
     
226 0 403.78  B 
. 3 383.80 19.98  
 4 372.44 11.36  
 5 360.76 11.68  
 6 349.27 11.49  
 7 337.80 11.47  
 8 327.63 10.17  
 9 317.08 10.55  
 10 307.62 9.46  
 11 299.06 8.56  
 12 291.98 7.08  
 13 287.02 4.96  
 14 284.87 2.15  
 15 284.37 0.50  
 16 284.20 0.17  
 17 284.09 0.11  
 18 284.05 0.04  
     
227 
 
227 0 410.85  A 
. 3 392.33 18.52  
 4 382.13 10.20  
 5 370.04 12.09  
 6 359.15 10.89  
 7 348.55 10.60  
 8 338.05 10.50  
 9 327.68 10.37  
 10 318.08 9.60  
 11 309.77 8.31  
 12 301.48 8.29  
 13 295.02 6.46  
 14 291.27 3.75  
 15 290.04 1.23  
 16 289.59 0.45  
 17 289.36 0.23  
 18 289.25 0.11  
 19 289.21 0.04  
     
228 0 436.58  B 
. 3 416.20 20.38  
 4 405.13 11.07  
 5 393.81 11.32  
 6 382.44 11.37  
 7 370.74 11.70  
 8 359.88 10.86  
 9 348.44 11.44  
 10 337.80 10.64  
 11 328.60 9.20  
 12 319.92 8.68  
 13 312.15 7.77  
 14 306.49 5.66  
 15 303.90 2.59  
 16 303.38 0.52  
 17 303.21 0.17  
 18 303.07 0.14  
 19 303.00 0.07  
     
229 0 430.39  A 
. 3 412.98 17.41  
 4 403.08 9.90  
 5 391.80 11.28  
 6 381.20 10.60  
 7 369.41 11.79  
 8 359.69 9.72  
 9 348.67 11.02  
228 
 
 10 338.68 9.99  
 11 328.67 10.01  
 12 319.11 9.56  
 13 309.99 9.12  
 14 301.82 8.17  
 15 295.29 6.53  
 16 291.94 3.35  
 17 289.82 2.12  
 18 289.50 0.32  
 19 289.36 0.14  
 20 289.31 0.05  
     
230 0 441.23  B 
. 3 424.35 16.88  
 4 414.39 9.96  
 5 403.40 10.99  
 6 391.96 11.44  
 7 380.89 11.07  
 8 370.66 10.23  
 9 358.88 11.78  
 10 347.97 10.91  
 11 338.36 9.61  
 12 328.35 10.01  
 13 319.11 9.24  
 14 310.07 9.04  
 15 302.98 7.09  
 16 297.43 5.55  
 17 294.57 2.86  
 18 293.74 0.83  
 19 293.46 0.28  
 20 293.33 0.13  
 21 293.26 0.07  
 
231 0 439.06  A 
. 3 422.61 16.45  
 4 412.94 9.67  
 5 401.19 11.75  
 6 389.88 11.31  
 7 379.74 10.14  
 8 367.97 11.77  
 9 357.17 10.80  
 10 346.27 10.90  
 11 335.30 10.97  
 12 325.28 10.02  
 13 315.35 9.93  
 14 306.47 8.88  
229 
 
 15 298.06 8.41  
 16 291.46 6.60  
 17 287.12 4.34  
 18 285.43 1.69  
 19 284.89 0.54  
 20 284.68 0.21  
 21 284.61 0.07  
     
232 0 462.66  B 
. 3 447.28 15.38  
 4 439.06 8.22  
 5 429.23 9.83  
 6 417.88 11.35  
 7 406.71 11.17  
 8 394.89 11.82  
 9 383.83 11.06  
 10 372.38 11.45  
 11 361.72 10.66  
 12 351.27 10.45  
 13 340.96 10.31  
 14 330.71 10.25  
 15 321.15 9.56  
 16 312.60 8.55  
 17 305.66 6.94  
 18 301.24 4.42  
 19 299.80 1.44  
 20 299.34 0.46  
 21 299.12 0.22  
 22 299.09 0.03  
     
233 0 460.85  A 
. 3 445.03 15.82  
 4 435.20 9.83  
 5 423.87 11.33  
 6 411.09 12.78  
 7 399.40 11.69  
 8 388.08 11.32  
 9 376.07 12.01  
 10 364.72 11.35  
 11 353.76 10.96  
 12 342.59 11.17  
 13 332.11 10.48  
 14 321.62 10.49  
 15 311.58 10.04  
 16 304.08 7.50  
 17 297.82 6.26  
230 
 
 18 294.09 3.73  
 19 292.70 1.39  
 20 292.36 0.34  
 21 292.34 0.02  
     
234 0 471.93  B 
. 3 456.90 15.03  
 4 446.34 10.56  
 5 436.58 9.76  
 6 424.46 12.12  
 7 412.40 12.06  
 8 400.82 11.58  
 9 387.98 12.84  
 10 378.02 9.96  
 11 366.52 11.50  
 12 356.02 10.50  
 13 345.25 10.77  
 14 335.15 10.10  
 15 324.39 10.76  
 16 314.63 9.76  
 17 306.08 8.55  
 18 299.04 7.04  
 19 295.00 4.04  
 20 293.63 1.37  
 21 293.22 0.41  
 22 293.03 0.19  
 23 292.94 0.09  
     
235 0 471.63  B 
. 3 456.79 14.84  
 4 446.30 10.49  
 5 434.37 11.93  
 6 421.73 12.64  
 7 410.27 11.46  
 8 398.76 11.51  
 9 387.58 11.18  
 10 375.70 11.88  
 11 364.58 11.12  
 12 352.92 11.66  
 13 341.87 11.05  
 14 331.21 10.66  
 15 320.67 10.54  
 16 310.76 9.91  
 17 301.76 9.00  
 18 294.40 7.36  
 19 290.53 3.87  
231 
 
 20 289.34 1.19  
 21 288.96 0.38  
 22 288.80 0.16  
 23 288.69 0.11  
 24 288.71 -0.02  
     
236 0 482.06  A 
. 3 468.43 13.63  
 4 459.23 9.20  
 5 448.26 10.97  
 6 437.74 10.52  
 7 426.68 11.06  
 8 415.78 10.90  
 9 404.61 11.17  
 10 381.51 23.10  
 11 369.75 11.76  
 12 358.36 11.39  
 13 347.20 11.16  
 14 336.36 10.84  
 15 325.80 10.56  
 16 315.56 10.24  
 17 306.47 9.09  
 18 298.41 8.06  
 19 292.64 5.77  
 20 290.34 2.30  
 21 289.70 0.64  
 22 289.44 0.26  
 23 289.32 0.12  
 24 289.26 0.06  
     
237 0 489.14  A 
. 3 477.27 11.87  
 4 468.68 8.59  
 5 459.73 8.95  
 6 448.99 10.74  
 7 437.87 11.12  
 8 425.68 12.19  
 9 413.85 11.83  
 10 401.78 12.07  
 11 390.09 11.69  
 12 378.12 11.97  
 13 366.77 11.35  
 14 355.61 11.16  
 15 344.25 11.36  
 16 333.25 11.00  
 17 322.44 10.81  
232 
 
 18 311.28 11.16  
 19 303.11 8.17  
 20 296.36 6.75  
 21 291.88 4.48  
 22 290.26 1.62  
 23 290.03 0.23  
 24 289.91 0.12  
 25 289.84 0.07  
     
238 0 495.27  B 
. 3 484.35 10.92  
 4 476.94 7.41  
 5 466.91 10.03  
 6 456.14 10.77  
 7 444.84 11.30  
 8 434.21 10.63  
 9 423.77 10.44  
 10 413.01 10.76  
 11 402.03 10.98  
 12 391.33 10.70  
 13 380.92 10.41  
 14 370.62 10.30  
 15 360.69 9.93  
 16 350.71 9.98  
 17 340.65 10.06  
 18 331.12 9.53  
 19 322.55 8.57  
 20 313.97 8.58  
 21 306.16 7.81  
 22 299.02 7.14  
 23 293.36 5.66  
 24 289.72 3.64  
 25 288.26 1.46  
 26 287.84 0.42  
 27 287.65 0.19  
 28 287.54 0.11  
 29 287.54 0.00  
     
239 0 339.10  B 
. 3 315.30 23.80  
 4 307.42 7.88  
 5 299.59 7.83  
 6 294.19 5.40  
 7 289.97 4.22  
 8 287.53 2.44  
 9 287.08 0.45  
233 
 
 10 286.99 0.09  
     
240 0 345.54  B 
. 3 320.42 25.12  
 4 312.90 7.52  
 5 305.03 7.87  
 6 297.51 7.52  
 7 291.28 6.23  
 8 287.45 3.83  
 9 286.02 1.43  
 10 285.79 0.23  
 11 285.74 0.05  
 
241 0 350.89  A 
. 3 326.91 23.98  
 4 317.94 8.97  
 5 309.00 8.94  
 6 300.78 8.22  
 7 293.87 6.91  
 8 288.36 5.51  
 9 285.11 3.25  
 10 283.96 1.15  
 11 283.84 0.12  
 12 283.82 0.02  
     
242 0 354.65  B 
. 3 332.05 22.60  
 4 322.51 9.54  
 5 313.10 9.41  
 6 305.32 7.78  
 7 297.97 7.35  
 8 291.21 6.76  
 9 286.36 4.85  
 10 283.36 3.00  
 11 282.04 1.32  
 12 281.78 0.26  
 13 281.72 0.06  
     
243 0 368.78  A 
. 3 348.21 20.57  
 4 338.07 10.14  
 5 328.99 9.08  
 6 320.15 8.84  
 7 311.98 8.17  
 8 304.60 7.38  
 9 298.45 6.15  
234 
 
 10 293.32 5.13  
 11 289.48 3.84  
 12 287.30 2.18  
 13 286.85 0.45  
 14 286.74 0.11  
 15 286.72 0.02  
     
244 0 370.17  B 
. 3 368.53 1.64  
 4 362.37 6.16  
 5 351.44 10.93  
 6 341.78 9.66  
 7 331.40 10.38  
 8 322.03 9.37  
 9 313.66 8.37  
 10 305.29 8.37  
 11 297.94 7.35  
 12 291.17 6.77  
 13 286.11 5.06  
 14 282.51 3.60  
 15 280.72 1.79  
 16 280.41 0.31  
 17 280.33 0.08  
     
245 0 398.89  A 
. 3 380.33 18.56  
 4 369.67 10.66  
 5 358.41 11.26  
 6 348.27 10.14  
 7 339.12 9.15  
 8 330.86 8.26  
 9 322.64 8.22  
 10 315.44 7.20  
 11 309.80 5.64  
 12 305.58 4.22  
 13 303.24 2.34  
 14 302.45 0.79  
 15 302.27 0.18  
 16 302.24 0.03  
     
251 0 248.51  A 
. 3 236.43 12.08  
 4 234.08 2.35  
 5 232.39 1.69  
 6 231.72 0.67  
 7 231.51 0.21  
235 
 
 8 231.39 0.12  
 9 231.31 0.08  
 10 231.25 0.06  
     
252 0 230.28  A 
. 3 217.79 12.49  
 4 215.43 2.36  
 5 214.79 0.64  
 6 214.53 0.26  
 7 214.39 0.14  
 8 214.33 0.06  
     
253 0 233.15  A 
. 3 220.32 12.83  
 4 217.44 2.88  
 5 215.83 1.61  
 6 215.29 0.54  
 7 215.13 0.16  
 8 215.01 0.12  
 9 214.95 0.06  
     
254 0 236.97  B 
. 3 223.03 13.94  
 4 219.36 3.67  
 5 217.34 2.02  
 6 216.65 0.69  
 7 216.45 0.20  
 8 216.33 0.12  
 9 216.25 0.08  
 10 216.20 0.05  
     
255 0 238.36  A 
. 3 224.94 13.42  
 4 221.02 3.92  
 5 218.10 2.92  
 6 216.53 1.57  
 7 215.96 0.57  
 8 215.72 0.24  
 9 215.61 0.11  
 10 215.54 0.07  
 11 215.50 0.04  
     
256 0 237.28  B 
. 3 222.20 15.08  
 4 217.79 4.41  
 5 214.80 2.99  
236 
 
 6 213.04 1.76  
 7 212.36 0.68  
 8 212.15 0.21  
 9 212.02 0.13  
 10 211.97 0.05  
     
257 0 241.53  A 
. 3 226.15 15.38  
 4 221.66 4.49  
 5 218.09 3.57  
 6 215.84 2.25  
 7 214.69 1.15  
 8 214.27 0.42  
 9 214.14 0.13  
 10 214.07 0.07  
 11 214.02 0.05  
     
258 0 243.69  B 
. 3 226.58 17.11  
 4 222.02 4.56  
 5 218.11 3.91  
 6 215.58 2.53  
 7 214.47 1.11  
 8 214.05 0.42  
 9 213.88 0.17  
 10 213.80 0.08  
 11 213.74 0.06  
     
259 0 262.71  A 
. 3 245.06 17.65  
 4 240.25 4.81  
 5 236.16 4.09  
 6 233.00 3.16  
 7 231.41 1.59  
 8 230.81 0.60  
 9 230.61 0.20  
 10 230.47 0.14  
 11 230.41 0.06  
 12 230.39 0.02  
     
260 0 251.69  B 
. 3 232.41 19.28  
 4 227.81 4.60  
 5 223.45 4.36  
 6 220.11 3.34  
 7 218.18 1.93  
237 
 
 8 217.46 0.72  
 9 217.22 0.24  
 10 217.09 0.13  
 11 217.03 0.06  
 12 217.01 0.02  
 
261 0 263.61  A 
. 3 244.13 19.48  
 4 239.71 4.42  
 5 235.09 4.62  
 6 231.24 3.85  
 7 228.74 2.50  
 8 227.68 1.06  
 9 227.37 0.31  
 10 227.22 0.15  
 11 227.14 0.08  
 12 227.09 0.05  
     
262 0 251.23  B 
. 3 230.65 20.58  
 4 225.42 5.23  
 5 220.58 4.84  
 6 216.86 3.72  
 7 214.26 2.60  
 8 212.86 1.40  
 9 212.39 0.47  
 10 212.24 0.15  
 11 212.15 0.09  
 12 212.09 0.06  
     
263 0 251.00  B 
. 3 239.46 11.54  
 4 235.65 3.81  
 5 233.16 2.49  
 6 231.94 1.22  
 7 231.44 0.50  
 8 231.27 0.17  
 9 231.18 0.09  
 10 231.14 0.04  
     
264 0 232.95  B 
. 3 220.65 12.30  
 4 216.83 3.82  
 5 214.12 2.71  
 6 212.53 1.59  
 7 211.70 0.83  
238 
 
 8 211.29 0.41  
 9 211.09 0.20  
 10 210.99 0.10  
 11 210.93 0.06  
     
265 0 239.40  A 
. 3 226.29 13.11  
 4 221.80 4.49  
 5 218.43 3.37  
 6 216.34 2.09  
 7 215.29 1.05  
 8 214.76 0.53  
 9 214.53 0.23  
 10 214.39 0.14  
 11 214.30 0.09  
 12 214.24 0.06  
     
266 0 240.74  A 
. 3 229.29 11.45  
 4 224.70 4.59  
 5 220.59 4.11  
 6 217.60 2.99  
 7 215.75 1.85  
 8 214.79 0.96  
 9 214.28 0.51  
 10 214.10 0.18  
 11 213.99 0.11  
 12 213.91 0.08  
 13 213.84 0.07  
     
267 0 259.99  B 
. 3 247.75 12.24  
 4 243.02 4.73  
 5 238.76 4.26  
 6 235.23 3.53  
 7 232.96 2.27  
 8 231.64 1.32  
 9 231.04 0.60  
 10 230.70 0.34  
 11 230.52 0.18  
 12 230.43 0.09  
 13 230.34 0.09  
 14 230.28 0.06  
     
268 0 252.11  A 
. 3 239.62 12.49  
239 
 
 4 234.77 4.85  
 5 230.43 4.34  
 6 226.73 3.70  
 7 224.17 2.56  
 8 222.68 1.49  
 9 221.61 1.07  
 10 220.96 0.65  
 11 220.55 0.41  
 12 220.33 0.22  
 13 220.18 0.15  
 14 220.10 0.08  
 15 220.05 0.05  
     
269 0 257.54  A 
. 3 245.30 12.24  
 4 240.05 5.25  
 5 235.46 4.59  
 6 231.56 3.90  
 7 228.51 3.05  
 8 226.07 2.44  
 9 224.62 1.45  
 10 223.57 1.05  
 11 222.99 0.58  
 12 222.73 0.26  
 13 222.56 0.17  
 14 222.39 0.17  
 15 222.26 0.13  
 16 222.21 0.05  
     
270 0 249.27  B 
. 3 235.34 13.93  
 4 230.80 4.54  
 5 226.61 4.19  
 6 222.35 4.26  
 7 219.14 3.21  
 8 216.64 2.50  
 9 214.94 1.70  
 10 213.74 1.20  
 11 212.89 0.85  
 12 212.70 0.19  
 13 212.59 0.11  
 14 212.53 0.06  
 
271 0 254.11  B 
. 3 240.49 13.62  
 4 235.14 5.35  
240 
 
 5 230.71 4.43  
 6 226.23 4.48  
 7 222.69 3.54  
 8 219.79 2.90  
 9 217.71 2.08  
 10 216.34 1.37  
 11 215.51 0.83  
 12 215.08 0.43  
 13 214.87 0.21  
 14 214.70 0.17  
 15 214.75 -0.05  
     
272 0 256.30  A 
. 3 242.87 13.43  
 4 237.73 5.14  
 5 232.97 4.76  
 6 228.56 4.41  
 7 224.47 4.09  
 8 221.12 3.35  
 9 218.86 2.26  
 10 216.98 1.88  
 11 215.75 1.23  
 12 215.12 0.63  
 13 214.78 0.34  
 14 214.58 0.20  
 15 214.44 0.14  
 16 214.33 0.11  
 17 214.23 0.10  
 18 214.19 0.04  
     
273 0 257.20  A 
. 3 243.24 13.96  
 4 238.02 5.22  
 5 232.43 5.59  
 6 228.34 4.09  
 7 223.11 5.23  
 8 218.53 4.58  
 9 215.57 2.96  
 10 213.82 1.75  
 11 212.96 0.86  
 12 212.64 0.32  
 13 212.45 0.19  
 14 212.44 0.01  
     
274 0 263.89  B 
. 3 241.96 21.93  
241 
 
 4 236.64 5.32  
 5 230.79 5.85  
 6 225.53 5.26  
 7 221.49 4.04  
 8 219.13 2.36  
 9 217.75 1.38  
 10 217.21 0.54  
 11 217.00 0.21  
 12 216.88 0.12  
 13 216.80 0.08  
 14 216.82 -0.02  
     
275 0 252.12  A 
. 3 239.70 12.42  
 4 232.69 7.01  
 5 227.92 4.77  
 6 224.89 3.03  
 7 223.06 1.83  
 8 222.14 0.92  
 9 221.75 0.39  
 10 221.56 0.19  
 11 221.44 0.12  
 12 221.36 0.08  
 13 221.32 0.04  
     
280 0 256.91  B 
. 3 239.65 17.26  
 4 233.39 6.26  
 5 228.00 5.39  
 6 222.95 5.05  
 7 219.52 3.43  
 8 217.10 2.42  
 9 215.65 1.45  
 10 214.80 0.85  
 11 214.21 0.59  
 12 213.92 0.29  
 13 213.76 0.16  
 14 213.70 0.06  
 
281 0 258.50  A 
. 3 237.70 20.80  
 4 230.80 6.90  
 5 226.14 4.66  
 6 221.76 4.38  
 7 219.24 2.52  
 8 217.65 1.59  
242 
 
 9 216.65 1.00  
 10 215.96 0.69  
 11 215.63 0.33  
 12 215.43 0.20  
 13 215.32 0.11  
 14 215.22 0.10  
 15 215.16 0.06  
     
286 0 285.25  A 
. 3 265.12 20.13  
 4 257.74 7.38  
 5 251.50 6.24  
 6 245.42 6.08  
 7 240.78 4.64  
 8 237.29 3.49  
 9 234.77 2.52  
 10 233.22 1.55  
 11 232.29 0.93  
 12 231.72 0.57  
 13 231.40 0.32  
 14 231.28 0.12  
 15 231.16 0.12  
 16 231.06 0.10  
 17 231.03 0.03  
     
287 0 269.40  B 
. 3 252.07 17.33  
 4 244.56 7.51  
 5 238.30 6.26  
 6 232.97 5.33  
 7 228.52 4.45  
 8 224.90 3.62  
 9 222.54 2.36  
 10 220.92 1.62  
 11 219.95 0.97  
 12 219.47 0.48  
 13 219.08 0.39  
 14 218.80 0.28  
 15 218.64 0.16  
 16 218.50 0.14  
 17 218.41 0.09  
 18 218.37 0.04  
     
293 0 284.65  A 
. 3 263.71 20.94  
 4 255.47 8.24  
243 
 
 5 247.57 7.90  
 6 240.23 7.34  
 7 233.77 6.46  
 8 228.36 5.41  
 9 224.75 3.61  
 10 222.34 2.41  
 11 220.70 1.64  
 12 219.57 1.13  
 13 218.74 0.83  
 14 218.22 0.52  
 15 217.77 0.45  
 16 217.42 0.35  
 17 217.14 0.28  
 18 216.96 0.18  
 19 216.86 0.10  
 20 216.78 0.08  
 21 216.74 0.04  
     
298 0 289.58  B 
. 3 267.32 22.26  
 4 258.85 8.47  
 5 250.33 8.52  
 6 242.51 7.82  
 7 235.84 6.67  
 8 229.97 5.87  
 9 224.84 5.13  
 10 221.43 3.41  
 11 219.41 2.02  
 12 218.07 1.34  
 13 217.11 0.96  
 14 216.50 0.61  
 15 216.11 0.39  
 16 215.88 0.23  
 17 215.75 0.13  
 18 215.64 0.11  
 19 215.56 0.08  
 20 215.48 0.08  
 21 215.42 0.06  
     
335 0 508.77  A 
. 3 500.51 8.26  
 4 492.34 8.17  
 5 482.76 9.58  
 6 472.24 10.52  
 7 460.66 11.58  
 8 448.67 11.99  
244 
 
 9 438.81 9.86  
 10 427.94 10.87  
 11 416.49 11.45  
 12 405.00 11.49  
 13 393.59 11.41  
 14 382.18 11.41  
 15 371.32 10.86  
 16 360.23 11.09  
 17 349.17 11.06  
 18 337.58 11.59  
 19 327.15 10.43  
 20 317.27 9.88  
 21 308.30 8.97  
 22 301.06 7.24  
 23 295.83 5.23  
 24 293.31 2.52  
 25 292.48 0.83  
 26 292.19 0.29  
 27 292.08 0.11  
 28 292.00 0.08  
     
336 0 505.04  A 
. 3 493.41 11.63  
 4 483.25 10.16  
 5 472.81 10.44  
 6 459.54 13.27  
 7 447.88 11.66  
 8 435.40 12.48  
 9 422.92 12.48  
 10 409.51 13.41  
 11 396.88 12.63  
 12 384.22 12.66  
 13 371.64 12.58  
 14 359.49 12.15  
 15 347.47 12.02  
 16 335.68 11.79  
 17 324.03 11.65  
 18 312.75 11.28  
 19 303.16 9.59  
 20 294.65 8.51  
 21 287.71 6.94  
 22 283.50 4.21  
 23 281.98 1.52  
 24 281.65 0.33  
 25 281.49 0.16  
 26 281.42 0.07  
245 
 
     
337 0 515.69  A 
. 3 503.30 12.39  
 4 491.50 11.80  
 5 481.85 9.65  
 6 469.60 12.25  
 7 457.04 12.56  
 8 444.49 12.55  
 9 431.86 12.63  
 10 418.80 13.06  
 11 406.19 12.61  
 12 393.45 12.74  
 13 381.00 12.45  
 14 369.10 11.90  
 15 355.00 14.10  
 16 343.36 11.64  
 17 331.65 11.71  
 18 319.64 12.01  
 19 308.62 11.02  
 20 299.25 9.37  
 21 292.27 6.98  
 22 287.79 4.48  
 23 286.26 1.53  
 24 285.92 0.34  
 25 285.79 0.13  
 26 285.74 0.05  
     
338 0 533.61  A 
. 3 525.23 8.38  
 4 517.00 8.23  
 5 506.86 10.14  
 6 495.32 11.54  
 7 484.75 10.57  
 8 472.91 11.84  
 9 460.80 12.11  
 10 448.04 12.76  
 11 435.82 12.22  
 12 423.97 11.85  
 13 412.33 11.64  
 14 399.92 12.41  
 15 387.76 12.16  
 16 375.32 12.44  
 17 363.30 12.02  
 18 351.60 11.70  
 19 339.72 11.88  
 20 329.08 10.64  
246 
 
 21 318.67 10.41  
 22 308.86 9.81  
 23 301.31 7.55  
 24 296.60 4.71  
 25 295.21 1.39  
 26 294.86 0.35  
 27 294.74 0.12  
 28 294.70 0.04  
     
339 0 534.21  A 
. 3 528.23 5.98  
 4 521.43 6.80  
 5 512.52 8.91  
 6 502.20 10.32  
 7 490.55 11.65  
 8 479.57 10.98  
 9 468.67 10.90  
 10 456.78 11.89  
 11 445.34 11.44  
 12 434.35 10.99  
 13 423.07 11.28  
 14 411.23 11.84  
 15 399.91 11.32  
 16 388.56 11.35  
 17 376.25 12.31  
 18 364.80 11.45  
 19 353.50 11.30  
 20 341.95 11.55  
 21 331.44 10.51  
 22 321.14 10.30  
 23 311.75 9.39  
 24 302.80 8.95  
 25 295.48 7.32  
 26 291.01 4.47  
 27 289.92 1.09  
 28 289.68 0.24  
 29 289.56 0.12  
 30 289.51 0.05  
     
340 0 541.33  B 
. 3 532.26 9.07  
 4 522.42 9.84  
 5 511.29 11.13  
 6 498.69 12.60  
 7 486.02 12.67  
 8 473.10 12.92  
247 
 
 9 459.89 13.21  
 10 446.43 13.46  
 11 433.15 13.28  
 12 420.37 12.78  
 13 407.27 13.10  
 14 393.69 13.58  
 15 380.64 13.05  
 16 364.57 16.07  
 17 354.90 9.67  
 18 342.46 12.44  
 19 330.26 12.20  
 20 318.61 11.65  
 21 308.87 9.74  
 22 300.17 8.70  
 23 294.66 5.51  
 24 291.67 2.99  
 25 290.65 1.02  
 26 290.41 0.24  
 27 290.27 0.14  
 28 290.20 0.07  
 
341 0 563.04  B 
. 3 555.42 7.62  
 4 553.40 2.02  
 5 544.54 8.86  
 6 533.72 10.82  
 7 521.42 12.30  
 8 508.86 12.56  
 9 496.15 12.71  
 10 483.40 12.75  
 11 470.36 13.04  
 12 457.34 13.02  
 13 444.73 12.61  
 14 431.15 13.58  
 15 418.15 13.00  
 16 405.21 12.94  
 17 392.48 12.73  
 18 380.02 12.46  
 19 367.67 12.35  
 20 356.73 10.94  
 21 346.00 10.73  
 22 335.62 10.38  
 23 325.61 10.01  
 24 316.95 8.66  
 25 309.80 7.15  
 26 306.67 3.13  
248 
 
 27 306.15 0.52  
 28 305.98 0.17  
 29 305.88 0.10  
 30 305.85 0.03  
     
342 0 565.02  B 
. 3 557.63 7.39  
 4 550.19 7.44  
 5 540.26 9.93  
 6 528.48 11.78  
 7 515.95 12.53  
 8 503.59 12.36  
 9 490.87 12.72  
 10 478.08 12.79  
 11 465.23 12.85  
 12 452.42 12.81  
 13 439.28 13.14  
 14 426.62 12.66  
 15 413.67 12.95  
 16 400.98 12.69  
 17 389.15 11.83  
 18 376.74 12.41  
 19 364.38 12.36  
 20 352.86 11.52  
 21 340.56 12.30  
 22 328.97 11.59  
 23 318.11 10.86  
 24 309.08 9.03  
 25 301.98 7.10  
 26 299.34 2.64  
 27 298.90 0.44  
 28 298.75 0.15  
 29 298.66 0.09  
     
343 0 564.14  B 
. 3 558.52 5.62  
 4 551.25 7.27  
 5 541.97 9.28  
 6 531.40 10.57  
 7 519.31 12.09  
 8 507.19 12.12  
 9 495.92 11.27  
 10 483.81 12.11  
 11 470.83 12.98  
 12 459.66 11.17  
 13 448.29 11.37  
249 
 
 14 435.32 12.97  
 15 422.37 12.95  
 16 410.24 12.13  
 17 398.19 12.05  
 18 386.53 11.66  
 19 374.97 11.56  
 20 363.15 11.82  
 21 352.11 11.04  
 22 340.46 11.65  
 23 329.48 10.98  
 24 308.54 20.94  
 25 300.35 8.19  
 26 294.25 6.10  
 27 291.61 2.64  
 28 291.05 0.56  
 29 290.90 0.15  
 30 290.82 0.08  
     
344 0 567.60  A 
. 3 562.60 5.00  
 4 556.66 5.94  
 5 549.29 7.37  
 6 539.33 9.96  
 7 528.73 10.60  
 8 516.92 11.81  
 9 505.68 11.24  
 10 493.87 11.81  
 11 482.09 11.78  
 12 470.80 11.29  
 13 459.35 11.45  
 14 447.43 11.92  
 15 435.38 12.05  
 16 422.02 13.36  
 17 410.89 11.13  
 18 399.29 11.60  
 19 387.58 11.71  
 20 376.25 11.33  
 21 365.02 11.23  
 22 353.14 11.88  
 23 342.01 11.13  
 24 331.36 10.65  
 25 321.18 10.18  
 26 311.55 9.63  
 27 302.54 9.01  
 28 295.15 7.39  
 29 289.45 5.70  
250 
 
 30 286.59 2.86  
 31 285.36 1.23  
 32 285.00 0.36  
 33 284.86 0.14  
 34 284.80 0.06  
     
345 0 582.19  A 
. 3 577.52 4.67  
 4 572.48 5.04  
 5 564.58 7.90  
 6 554.71 9.87  
 7 544.26 10.45  
 8 533.25 11.01  
 9 521.43 11.82  
 10 509.98 11.45  
 11 497.50 12.48  
 12 486.19 11.31  
 13 474.86 11.33  
 14 463.50 11.36  
 15 452.35 11.15  
 16 441.25 11.10  
 17 429.89 11.36  
 18 417.74 12.15  
 19 405.89 11.85  
 20 393.87 12.02  
 21 382.47 11.40  
 22 370.28 12.19  
 23 359.82 10.46  
 24 348.57 11.25  
 25 338.41 10.16  
 26 328.30 10.11  
 27 318.88 9.42  
 28 309.72 9.16  
 29 302.23 7.49  
 30 296.96 5.27  
 31 294.54 2.42  
 32 293.82 0.72  
 33 293.60 0.22  
 34 293.51 0.09  
 
346 0 581.49  A 
. 3 574.71 6.78  
 4 567.76 6.95  
 5 558.50 9.26  
 6 547.11 11.39  
 7 536.64 10.47  
251 
 
 8 523.99 12.65  
 9 511.50 12.49  
 10 498.76 12.74  
 11 486.56 12.20  
 12 474.05 12.51  
 13 461.69 12.36  
 14 448.75 12.94  
 15 435.74 13.01  
 16 422.10 13.64  
 17 409.00 13.10  
 18 395.96 13.04  
 19 383.67 12.29  
 20 371.45 12.22  
 21 359.21 12.24  
 22 347.56 11.65  
 23 336.12 11.44  
 24 324.60 11.52  
 25 313.38 11.22  
 26 302.52 10.86  
 27 294.04 8.48  
 28 287.88 6.16  
 29 284.94 2.94  
 30 284.11 0.83  
 31 283.91 0.20  
 32 283.82 0.09  
     
347 0 589.95  B 
. 3 584.27 5.68  
 4 578.88 5.39  
 5 570.52 8.36  
 6 560.76 9.76  
 7 549.75 11.01  
 8 538.17 11.58  
 9 526.16 12.01  
 10 514.29 11.87  
 11 502.13 12.16  
 12 489.83 12.30  
 13 476.60 13.23  
 14 464.06 12.54  
 15 451.69 12.37  
 16 439.36 12.33  
 17 427.22 12.14  
 18 415.00 12.22  
 19 402.21 12.79  
 20 389.16 13.05  
 21 375.89 13.27  
252 
 
 22 363.80 12.09  
 23 350.72 13.08  
 24 338.13 12.59  
 25 326.35 11.78  
 26 315.40 10.95  
 27 305.16 10.24  
 28 296.12 9.04  
 29 289.50 6.62  
 30 286.78 2.72  
 31 286.21 0.57  
 32 286.03 0.18  
 33 285.95 0.08  
     
348 0 615.97  A 
. 3 612.86 3.11  
 4 609.16 3.70  
 5 602.82 6.34  
 6 592.36 10.46  
 7 583.26 9.10  
 8 573.22 10.04  
 9 562.19 11.03  
 10 550.82 11.37  
 11 538.92 11.90  
 12 528.19 10.73  
 13 517.02 11.17  
 14 504.27 12.75  
 15 493.20 11.07  
 16 482.26 10.94  
 17 470.65 11.61  
 18 459.34 11.31  
 19 448.06 11.28  
 20 437.05 11.01  
 21 425.79 11.26  
 22 414.39 11.40  
 23 403.05 11.34  
 24 391.40 11.65  
 25 379.92 11.48  
 26 369.10 10.82  
 27 357.18 11.92  
 28 346.66 10.52  
 29 336.55 10.11  
 30 326.62 9.93  
 31 317.74 8.88  
 32 310.63 7.11  
 33 306.21 4.42  
 34 304.68 1.53  
253 
 
 35 304.26 0.42  
 36 304.07 0.19  
 37 303.95 0.12  
 38 303.87 0.08  
     
349 0 617.46  A 
. 3 613.93 3.53  
 4 609.77 4.16  
 5 602.74 7.03  
 6 593.62 9.12  
 7 584.30 9.32  
 8 573.23 11.07  
 9 562.64 10.59  
 10 551.18 11.46  
 11 540.25 10.93  
 12 529.16 11.09  
 13 517.08 12.08  
 14 505.42 11.66  
 15 494.29 11.13  
 16 483.06 11.23  
 17 471.70 11.36  
 18 460.20 11.50  
 19 447.90 12.30  
 20 437.60 10.30  
 21 426.01 11.59  
 22 414.55 11.46  
 23 403.44 11.11  
 24 391.97 11.47  
 25 381.10 10.87  
 26 369.96 11.14  
 27 358.82 11.14  
 28 348.00 10.82  
 29 337.21 10.79  
 30 326.63 10.58  
 31 317.40 9.23  
 32 308.87 8.53  
 33 302.80 6.07  
 34 299.63 3.17  
 35 298.38 1.25  
 36 298.11 0.27  
 37 298.03 0.08  
     
350 0 614.06  B 
. 3 607.96 6.10  
 4 601.32 6.64  
 5 591.61 9.71  
254 
 
 6 580.28 11.33  
 7 567.90 12.38  
 8 555.02 12.88  
 9 541.95 13.07  
 10 529.42 12.53  
 11 516.11 13.31  
 12 502.29 13.82  
 13 488.79 13.50  
 14 475.21 13.58  
 15 461.93 13.28  
 16 447.85 14.08  
 17 434.60 13.25  
 18 420.77 13.83  
 19 407.14 13.63  
 20 393.71 13.43  
 21 380.10 13.61  
 22 366.86 13.24  
 23 353.98 12.88  
 24 341.52 12.46  
 25 329.04 12.48  
 26 317.44 11.60  
 27 306.58 10.86  
 28 297.75 8.83  
 29 291.27 6.48  
 30 287.92 3.35  
 31 286.94 0.98  
 32 286.87 0.07  
     
351 0 604.11  A 
. 3 599.08 5.03  
 4 593.00 6.08  
 5 584.40 8.60  
 6 574.51 9.89  
 7 563.62 10.89  
 8 551.15 12.47  
 9 539.36 11.79  
 10 525.91 13.45  
 11 514.79 11.12  
 12 504.06 10.73  
 13 493.26 10.80  
 14 478.73 14.53  
 15 465.86 12.87  
 16 453.27 12.59  
 17 440.30 12.97  
 18 428.53 11.77  
 19 416.00 12.53  
255 
 
 20 403.85 12.15  
 21 390.94 12.91  
 22 378.30 12.64  
 23 366.20 12.10  
 24 354.78 11.42  
 25 342.66 12.12  
 26 330.90 11.76  
 27 319.53 11.37  
 28 308.71 10.82  
 29 299.21 9.50  
 30 290.63 8.58  
 31 284.70 5.93  
 32 282.31 2.39  
 33 281.74 0.57  
 34 281.53 0.21  
 35 281.46 0.07  
     
352 0 633.16  B 
. 3 628.43 4.73  
 4 623.52 4.91  
 5 615.17 8.35  
 6 604.22 10.95  
 7 592.92 11.30  
 8 583.27 9.65  
 9 571.15 12.12  
 10 560.47 10.68  
 11 549.73 10.74  
 12 537.58 12.15  
 13 525.98 11.60  
 14 514.30 11.68  
 15 501.70 12.60  
 16 490.00 11.70  
 17 478.32 11.68  
 18 466.06 12.26  
 19 454.47 11.59  
 20 442.24 12.23  
 21 430.00 12.24  
 22 418.15 11.85  
 23 406.39 11.76  
 24 394.00 12.39  
 25 382.45 11.55  
 26 370.56 11.89  
 27 359.19 11.37  
 28 347.73 11.46  
 29 336.46 11.27  
 30 326.26 10.20  
256 
 
 31 316.00 10.26  
 32 307.00 9.00  
 33 299.28 7.72  
 34 293.88 5.40  
 35 291.92 1.96  
 36 291.56 0.36  
 37 291.42 0.14  
 38 291.33 0.09  
     
353 0 635.33  B 
. 3 631.37 3.96  
 4 625.74 5.63  
 5 618.35 7.39  
 6 611.85 6.50  
 7 601.43 10.42  
 8 590.10 11.33  
 9 577.91 12.19  
 10 551.00 26.91  
 11 537.85 13.15  
 12 525.17 12.68  
 13 512.55 12.62  
 14 499.45 13.10  
 15 486.08 13.37  
 16 473.00 13.08  
 17 459.80 13.20  
 18 446.90 12.90  
 19 433.78 13.12  
 20 421.08 12.70  
 21 408.26 12.82  
 22 395.13 13.13  
 23 382.85 12.28  
 24 371.10 11.75  
 25 360.43 10.67  
 26 349.40 11.03  
 27 338.44 10.96  
 28 326.94 11.50  
 29 316.90 10.04  
 30 307.16 9.74  
 31 298.85 8.31  
 32 
TEST STOPPED GLASS ROD 
BROKEN   
 
354 0 644.72  A 
. 3 641.13 3.59  
 4 636.10 5.03  
 5 627.87 8.23  
257 
 
 6 618.67 9.20  
 7 606.45 12.22  
 8 596.10 10.35  
 9 583.80 12.30  
 10 571.12 12.68  
 11 557.75 13.37  
 12 545.43 12.32  
 13 532.75 12.68  
 14 519.80 12.95  
 15 508.67 11.13  
 16 496.69 11.98  
 17 484.25 12.44  
 18 471.39 12.86  
 19 458.58 12.81  
 20 445.76 12.82  
 21 433.36 12.40  
 22 420.57 12.79  
 23 407.92 12.65  
 24 395.62 12.30  
 25 382.90 12.72  
 26 370.71 12.19  
 27 358.73 11.98  
 28 346.32 12.41  
 29 334.78 11.54  
 30 323.71 11.07  
 31 313.95 9.76  
 32 305.24 8.71  
 33 298.14 7.10  
 34 292.76 5.38  
 35 289.93 2.83  
 36 288.96 0.97  
 37 288.69 0.27  
 38 288.57 0.12  
 39 288.55 0.02  
     
355 0 651.85  B 
. 3 647.19 4.66  
 4 641.32 5.87  
 5 633.00 8.32  
 6 623.34 9.66  
 7 612.02 11.32  
 8 600.19 11.83  
 9 587.78 12.41  
 10 564.20 23.58  
 11 551.46 12.74  
 12 539.00 12.46  
258 
 
 13 526.31 12.69  
 14 513.62 12.69  
 15 500.60 13.02  
 16 487.52 13.08  
 17 474.15 13.37  
 18 460.84 13.31  
 19 447.45 13.39  
 20 433.94 13.51  
 21 420.23 13.71  
 22 406.73 13.50  
 23 393.29 13.44  
 24 379.71 13.58  
 25 367.61 12.10  
 26 356.47 11.14  
 27 344.09 12.38  
 28 333.05 11.04  
 29 322.73 10.32  
 30 312.31 10.42  
 31 302.75 9.56  
 32 294.66 8.09  
 33 289.30 5.36  
 34 287.10 2.20  
 35 286.23 0.87  
 36 286.02 0.21  
 37 286.01 0.01  
 
356 0 654.52  B 
. 3 650.83 3.69  
 4 646.20 4.63  
 5 639.60 6.60  
 6 631.30 8.30  
 7 621.36 9.94  
 8 610.71 10.65  
 9 599.52 11.19  
 10 588.15 11.37  
 11 576.48 11.67  
 12 564.61 11.87  
 13 552.48 12.13  
 14 541.42 11.06  
 15 529.00 12.42  
 16 517.30 11.70  
 17 503.84 13.46  
 18 492.73 11.11  
 19 480.55 12.18  
 20 468.50 12.05  
 21 456.40 12.10  
259 
 
 22 444.16 12.24  
 23 431.68 12.48  
 24 418.85 12.83  
 25 407.60 11.25  
 26 395.49 12.11  
 27 383.22 12.27  
 28 371.24 11.98  
 29 359.07 12.17  
 30 347.51 11.56  
 31 335.82 11.69  
 32 324.20 11.62  
 33 313.40 10.80  
 34 303.48 9.92  
 35 295.04 8.44  
 36 288.28 6.76  
 37 284.62 3.66  
 38 283.76 0.86  
 39 283.50 0.26  
 40 283.40 0.10  
 41 283.36 0.04  
     
357 0 667.12  A 
. 3 662.81 4.31  
 4 659.67 3.14  
 5 653.27 6.40  
 6 645.24 8.03  
 7 635.00 10.24  
 8 623.91 11.09  
 9 622.50 1.41  
 10 613.50 9.00  
 11 601.19 12.31  
 12 588.84 12.35  
 13 576.38 12.46  
 14 563.28 13.10  
 15 551.44 11.84  
 16 538.46 12.98  
 17 525.65 12.81  
 18 512.67 12.98  
 19 499.58 13.09  
 20 486.43 13.15  
 21 474.00 12.43  
 22 460.77 13.23  
 23 446.84 13.93  
 24 434.34 12.50  
 25 422.02 12.32  
 26 398.34 23.68  
260 
 
 27 386.20 12.14  
 28 374.13 12.07  
 29 362.90 11.23  
 30 350.83 12.07  
 31 339.60 11.23  
 32 327.73 11.87  
 33 316.96 10.77  
 34 307.32 9.64  
 35 299.21 8.11  
 36 292.57 6.64  
 37 288.37 4.20  
 38 287.02 1.35  
 39 286.73 0.29  
 40 286.62 0.11  
 41 286.55 0.07  
 
358 0 601.19  B 
. 3 594.08 7.11  
 4 587.72 6.36  
 5 577.58 10.14  
 6 565.23 12.35  
 7 552.62 12.61  
 8 539.90 12.72  
 9 527.58 12.32  
 10 514.60 12.98  
 11 502.03 12.57  
 12 488.83 13.20  
 13 475.65 13.18  
 14 463.75 11.90  
 15 450.90 12.85  
 16 437.65 13.25  
 17 424.80 12.85  
 18 411.70 13.10  
 19 398.78 12.92  
 20 386.29 12.49  
 21 373.22 13.07  
 22 360.33 12.89  
 23 347.50 12.83  
 24 334.85 12.65  
 25 322.00 12.85  
 26 309.49 12.51  
 27 297.92 11.57  
 28 287.15 10.77  
 29 278.03 9.12  
 30 271.32 6.71  
 31 267.57 3.75  
261 
 
 32 266.56 1.01  
 33 266.30 0.26  
 34 266.17 0.13  
 35 266.12 0.05  
     
359 0 306.68  A 
. 3 283.31 23.37  
 4 274.09 9.22  
 5 265.03 9.06  
 6 256.36 8.67  
 7 248.93 7.43  
 8 243.44 5.49  
 9 240.15 3.29  
 10 239.07 1.08  
 11 238.96 0.11  
 12 238.91 0.05  
 
